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The  object  of  this  l>ook  has  bf-en  to  offer  the  ri^ader  a  working 
knowletlge  of  the  subject  in  nn  few  words  as  possible,  avouling  for 
the  most  part  all  theories  ami  arginnents  which  are  void  of  praetical 
value  for  the  surjyeon  who  has  to  diagnose  and  treat  the  various  iu- 
juries  which  are  met  with  in  actual  irraetiee.  The  author  has  eu- 
deavored  to  make  the  reader  an  eye  witness  to  the  various  deformi- 
ties as  they  appear  immediately  following  the  accident,  rather  than 
to  off**r  him  lengthy  text  in  di'Hcrihijig  the  lesions.  There  is  much  to 
be  learned  by  inspection  in  the  averaj4:e  case  of  fracture  or  dislo- 
nation,  and  the  information  thus  gained  tnay  be  put  to  immediate 
use  with  a  minimom  amount  of  nmnipulation  of  the  parts  and 
without  beinff  obliged  to  await  the  returns  of  an  X-ray  examination. 
The  more  one  h*ams  by  inspection,  in  establislting  a  diac^iosis  in 
a  given  ease»  the  less  tliere  remains  to  be  deteniiiued  by  palpation, 
and  if  the  surgeon  develops  the  faculty  of  recognizing  what  he  sees 
the  patient  will  many  limes  be  relieved  of  nuicli  unnecessary'  manip- 
ulation and  sofTering  to  sa\4  nothing  of  the  damage  which  may  be 
inflicted  on  the  already  traumatized  soft  tissues.  Photogri^aphy, 
therefore',  is  the  best  means  of  reconling  the  initial  deformities, 
but  the  excitement,  confnsion  and  pain  at  tending  the  average  case 
of  fracture  are  conditions  anything  but  favorable  for  picture- 
taking.  Moreover  the  varyinir  conditions  of  light  and  the  sur- 
roundings in  which  we  find  tfie  patient,  together  with  the  neces- 
ity  of  having  the  pfiotographic  apparatus  a%^ailab1e  and  in  good 
working  order,  arc  additional  factors  which  work  against  the  se- 
euring  of  such  valuable  clinical  data  and  explain  the  scarcity  of 
pieturm  of  these  deformities  in  medical  literature.  The  illustra- 
tions of  such  deformities  shown  on  the  following  pages  have  been 
taken  under  unfavorable  ciivumstances,  iu  a  large  proportion  of 
eases,  and  (althongf]  the  jihotographic  appliances  w^ere  the  best 
obtainable  lUfOuding  the  fastest  *Iocr/,  and  Zeiss  anastigmat  lenses) 
the  ri*suU^.  from  a  photographic  stamipoint,  have  been  none  too 
food  in  many  instances.  The  pictures  shown  have  l>i?en  chosen 
from  a  large  numl>er  of  sucfi   photographs  with  the  iutentiou  of 
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familiarizing  the  reader  with  the  average  clinical  deformity,  rather 
than  for  the  purpose  of  recording  rare  cases  or  those  in  which  the 
pathology  is  obscure. 

The  time-honored,  academic  classification  of  fractures  under  one 
htffading  and  dislocations  under  another  has  been  abandoned,  and 
th<;  more  practical  method  of  considering  the  injuries  according 
to  the  region  in  which  they  occur  has  been  followed.  Thus  the 
reader  will  find  all  the  injuries  to  which  a  given  region  is  sub- 
ject (including  fractures,  dislocations,  joint  fractures  and  frac- 
ture-di8lo(*ations)  without  looking  up  the  different  conditions  in 
widely  separated  sections  of  the  book  or  even  consulting  another 
volume. 

The  development  of  the  Rontgen  ray  has  been  of  inestimable 
value  in  the  diagnosis  of  fractures  and  dislocations,  and  its  use 
cannot  be  too  highly  commended;  but,  on  the  other  hand,  this 
very  aid  has  resulted  in  our  becoming  more  lax  in  other  methods 
of  diagnosis.  The  X-ray  is  a  most  valuable  supplement  to  other 
physical  clinical  methods  but  it  should  not  be  expected  to  sup- 
plant them.  The  surgeon  should  make  a  practice  of  determining 
the  nature  and  location  of  the  fracture  as  accurately  as  possible 
(due  care  being  exercised  to  avoid  unnecessary  manipulation)  be- 
fore the  X-ray  is  taken,  and  later  to  compare  his  conception  of  the 
condition  with  the  Rontgenogram.  By  making  this  a  routine  meas- 
ure he  will  find  that  his  diagnostic  acumen  will  be  materially  in- 
creased as  time  goes  on. 

A  certain  mechanical  sense  is  most  essential  in  the  treatment  of 
fractures  and  dislocations,  and  no  text-book  can  supply  this  to  one 
naturally  deficient  in  this  respect.  However,  an  attempt  has  been 
made  in  the  following  pages  to  supply  the  necessary  data  for  the 
development  of  this  sense  and  to  place  before  the  reader,  as  far 
as  possible,  some  of  the  author's  experiences. 

The  more  common  fractures  have  been  accorded  the  greatest 
amount  of  attention  since  they  are  the  conditions  with  which  the 
average  practitioner  will  have  to  deal  most  frequently. 

Occasion  is  here  taken  to  thank  a  number  of  members  of  the 
medical  profession  in  Denver  who  liave  been  of  service  in  various 
ways  in  obtaining  the  material  for  and  in  the  preparation  of  this 
work.  Among  others  the  autlior  wishes  particularly  to  express  his 
gratitude  to:  Drs.  C.  B.  Lyman,  T.  E.  Carmody,  Leonard  Ely, 
II.  R.  ]\rcGraw,  Benj.  Matthews,  V.  I).  McKelvey,  J.  :\L  Barney, 
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R.  K.  «eere,  W.  G.  Mudd,  C.  B.  Aekley,  11.  G.  Harvey,  Tracey  Love, 
E,  W.  Lazell,  W.  M.  Wilkinson,  S.  B.  Childs,  L.  G.  Crosby,  J.  B. 
Davis,  Mr.  Frank  Barmettler  and  members  of  the  staff  and  in- 
ternes of  the  City  and  County  Hospital. 

Due  credit  for  the  few  illustrations  not  original  is  given  in  the 
legends  accompanying  them. 

The  chapter  on  the  use  of  the  Rontgen  ray  is  written  by  Dr.  H. 
G.  Stover,  and  most  of  the  Rontgenograms  have  been  taken  for  me 
by  him,  or  have  been  drawn  from  his  collection  of  over  thirteen 
thousand  plates. 

MiiXER  E.  Preston. 
Dkxveb,  Colorado. 
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842.  Infectfd  tibia  from  wliicb  Lant»  plate  has  been  removed.     Ri'mtgen- 

ogram 769 

843.  C)ld  ununited  fracture  of  tibial  shaft.     Diagram 778 

844.  Sam*",   after    ends   are   s(|uar('d    and    incdullarN    cavity    reanii'd   out. 

Diagram 778 

84r>.     Samo  witb  medullary  d(>w«'l  graft  in  place.     Diagram 778 

84<>.  Making  saw  cuts   in  obtaining  medullary  graft.     Diagram    .             .  779 

847.  Removing   medullary    graft    with    chisel.      Diagram 779 

848.  Removing  medullary  graft  with   rotary  saw.     Diagram    ....  779 

849.  Inlay  graft  in   place.      Diagram 782 

SoO.  Method  of  securing  same  with  kangaroo  tendon.     Diagram   .             .  782 

851.     Motor  saw  e<pii})ment  including  twin  saws 783 

802.     Doweling  macbine 783 

853.  First  step  in  A11mm''s  t«H:'bni(|Ue  in  rcnent  fractures.     Diagram  .  784 

854.  Same  with   "sbort   piece"   removed.      Diagram 784 

855.  Same  witb  "long  piece;''  held  in  place  by  bone  pegs.     Diagram   .      .  784 

856.  Upper  end  of  bunierus  replaced  by  upper  end  of  fibula.     Diagram   .  786 

857.  Loss  of  tibial  shaft.     Diagram 787 

858.  Same  after  upper  end  of  fibular  sbaft  has  been  implanted  in  upper 

tibial    fragment.     Diagram 787 

859.  Same  after  o]>eration  bas  been  comi)leted 787 

860.  (iangrene  of  b'g  following  thrombosis 792 
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UPPER  EXTREMITY. 


FRACTUEES  AND  DISLOCATIONS 


CHAPTER  I. 

FRACTURES  OP  THE  CLAVICLE  AND  INJURIES  TO 
THE  CLAVICULAR  ARTICULATIONS. 

Tlie  clavicle  may  be  fractured  by  direct  or  indirect  violence,  or 
eitlier  end  of  tlie  bone  may  be  dislocated.  The  early  ossification 
of  the  clavicle  accounts  for  the  frequency  with  wliich  it  is  fractured 
in  children,  and  the  fact  that  the  sterno-clavicular  ligaments 
extend  outward  onto  the  diaphysis,  explains  the  rarity  of  separation 
of  the  single  clavicular  epiphysis  situated  at  the  inner  end  of  the 
))oiH».  Dislocation  of  either  end  of  the  clavicle  is  rare  as  compared 
witli  fracture.  Males  are  more  subject  to  injury  of  this  bone  and 
its  articulations  because  of  their  occupations,  and  heavier  muscula- 
ture. The  coraco-clavicular  ligaments  are  an  important  element 
in  <letermining  the  site  of  fracture  when  due  to  indirect  violence, 
and  in  limiting  the  displacement  in  both  fractures  and  dislocations. 
The  stability  of  either  end  of  the  clavicle  depends  on  ligaments, 
rather  than  the  conformation  of  the  articular  surfaces.  The 
acromial  end  is  dislocated  nearly  four  times  as  often  as  is  the 
sternal  end,  while  all  the  dislocations  of  the  clavicle  make  up  about 
four  percent  of  the  luxations  of  the  entire  body.  Dislocations  of 
both  ends  of  the  bone,  and  simultaneous  dislocations  of  both 
elavieles,  are  conditions  wliich  have  been  recorded,  though  they 
are  extremely  rare. 

Injuries  to  the  clavicle  and  its  articulations  will  be  taken  up  in 
the  following  order: 

Dislocation  of  the  sternal  end. 
Forward. 
Backward. 
Upward. 

Fracture  of  the  clavicle. 
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Dislocation  of  the  acromial  end. 

Upward. 

Downward. 

Sub-coracoid. 
Fracture  of  this  bone  is  so  common  and  dislocation  so  rare  that 
examination  of  the  ends  of  the  clavicle  is  often  neglected,  espe- 
cially in  the  presence  of  fracture.  The  fact  should  never  be  lost 
sight  of  tliat  two  or  more  lesions  may  be  present  at  the  same  time. 
A  systematic  examination  of  the  entire  region  should  be  made  in 
addition  to  determining  the  condition  of  the  bone  in  question. 
The  surgeon  should  remember  that  the  examination  is  not  neces- 
sarily concluded  with  the  finding  of  a  given  lesion ;  further  damage 
may  have  been  done  to  adjoining  bones  or  joints.  Particularly, 
care  should  be  exercised  in  examining  children  because  of  the  mild 
and  indefinite  character  of  the  symptoms  accompanying  the  frac- 
ture of  the  clavicle  in  the  early  years  of  life. 


PER  IL 


DISLOCATIONS  OF  THE  STERNAL  END  OF 
CLAVICLE. 


THE 


Surgical  Anatomy.— Tlie  articular  end  of  the  clavicle  is  much 
larger  than  the  articular  facet  on  the  stern ii in,  and  the  integrity  of 
the  joint  m  almost  entiri^ly  dependent  on  the  lij^atnents  that  sur- 
round the  joint  and  bind  the  two  bones  together.  The  capsule  is 
attached  to  the  margins  of  the  two  articular  surfaces  and  com- 
pletely enelases  the  joint  cavity.  It  is  reinforeed  in  front  and 
behind  by  the  anterior  and  posterior  stenio-elavieular  ligaments. 
To  tlie  inner  side  and  above,  it  is  overlaid  by  the  interclavicular 


..^^ no^BAitoid '.    D,,  ddioid;    I'.M.,   iK^lornliix   major;    li,   bittph,    K..   rhomboid  liffuneni- 
C.C^  «*irmccHclftvicular   llerftinera ;    A.V.,   ftcroinioclnvicijlftr  lijifHment;    C.A.^  corAca-acromtnl 

nf.     ITie  InlercUTUttUr  ligiini*^iit  may  be  s«»o  attnrhed  to  the  uppi}r  fttpvct  of  the 

•nd  of  IIm  bone. 


ligament  which  is  attached  to  both  clavicles.  Extcriuilly  the 
rhomboid  ligament^  extending  from  I  he  under  surface  of  the  clavicle 
to  the  cartilage  of  the  first  rib,  greatly  slrcu^rthmH  the  articulation. 
This  ligament  is  in  relation  posteriorly  with  the  Muhelavian  vein. 
The  enda  of  the  liones  entering  into  this  articiihition  are  very  poorly 
ftdapted  to  eai'h  other  and  whrn  dislos^ition  tiikcs  place  recurrence 
of  deformity  is  prompt,  unless  prevented  by  retentive  dressings. 
The  rhom!)oid  ligament  is  seldom  completely  torn  and  will  tend  to 
limit  the  displacement, 
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Displacement  of  the  sternal  end  is  usually  the  result  of  indirect 
violence.  If  the  long  axis  of  the  clavicle  is  continued  inward  it 
will  pass  in  front  of  the  sternum,  and  accordingly  the  most  common 
type  of  luxation  of  the  sternal  end  is  forward.  The  displacement 
may  be  partial  or  complete  and  accordingly  the  condition  is  spoken 
of  as  either  a  luxation  or  a  subluxation.  Forced  backward  dis- 
placement of  the  shoulder  may  produce  a  luxation  of  the  inner 
end  of  the  clavicle  by  leverage  against  the  first  rib. 

Forward  dislocation  is  by  far  the  most  common  luxation  seen  at 
this  joint,  and  is  usually  the  result  of  the  shoulder  having  been 
driven  forcibly  backward  beyond  the  normal  limitation  of  motion. 
If  the  shoulder  be  carried  backward  the  inner  end  of  the  clavicle 
comes  in  contact  with  the  first  rib,  and  if  forced  still  further  back- 
ward this  contact  with  the  first  rib  acts  as  a  fulcrum  by  means  of 
which  the  inner  end  of  the  bone  is  torn  away  from  the  sternum  and 
displaced  forward.  This  mechanism  seems  to  be  the  usual  cause 
of  displacement,  though  there  are  some  instances  in  which  the 
condition  has  taken  place  gradually  and  has  apparently  been  the 
result  of  a  general  relaxation  of  the  ligaments  about  the  joint. 

Backward  luxations  are  not  as  common  as  the  type  just  described, 
though  they  are  next  in  order  of  frequency.  They  are  usually  the 
result  of  violence  which  forces  the  shoulder  forward  and  inward, 
though  they  are  sometimes  caused  by  a  direct  force  which  drives 
the  inner  end  of  the  clavicle  backward.  The  trachea,  oesophagus 
and  the  large  vessels  of  the  neck  lie  behind  the  inner  end  of  the 
clavicle,  and  when  a  posterior  displacement  occurs  any  or  all  of 
these  structures  nuiy  be  pressed  upon. 

Upward  luxation  of  the  sternal  end  of  tlie  clavicle  is  extremely 
rare  and  is  usually  the  result  of  violence  which  depresses  the 
shoulder.  The  ligaments  are  more  or  less  torn  according  to  the 
severity  of  the  causative  trauma.  Luxations  of  the  inner  end  of 
the  clavicle  are  rare,  as  compared  with  fractures  of  the  clavicle. 

Symptoms. — Pain  is  more  or  less  pronounced  at  the  site  of  the 
lesion  and  is  increased  with  motion  of  the  shoulder.  Loss  of 
function  varies  with  the  completeness  of  the  dislocation  and  the 
amount  of  pain  suffered  by  the  patient.  There  is  more  or  less 
swelling  about  the  inner  end  of  the  bone.  The  deformity  varies 
with  the  direction  of  the  luxation. 

In  forward  luiations  the  inner  end  of  the  bone  is  more  prominent 
than   normal   and   is   often   found   displaced   downward   onto   the 
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anterior  surface  of  tlu»  stctrmnn,  as  well  as  forward*  The  lowered 
position  of  the  inner  end  of  the  bone  chang'es  the  axis  of  the  clavicle, 
whieh  deformity  can  often  be  recognized  by  inspection  alone. 

In  backward  hiJcatloHs  it  will  be  noted  that  the  normal  promi- 
nence of  the  inner  end  of  the  clavicle  is  absent,  and  the  axis  of  the 
bone  is  changed.  Palpation  of  the  shaft  of  the  clavicle  will  dia- 
close  the  altered  position.  Passive  congestion  of  the  face  on  the 
side  of  the  luxation  may  be  present,  and  in  severe  cases  cyanosis 
may  be  pronounced.  Dysphagia  and  dyspn<i»a  are  not  nncommon. 
The  acuteness  of  these  symptoms  usually  subsides  even  though  the 
displacement  be  allowed  to  go  uncorrected.  There  is  no  reported 
case  of  permanent  injury  to  the  slmctures  thus  pressed  upon  and 
aci'onlingly  these  symptoms  are  not  alarming.  The  shoulder  is 
displaced  downward  and  forward  and  is  a  little  nearer  the  thorax 
than  nonnaL  This  displacement  is  often  slight  and  if  the  shoulder 
is  not  compared  with  the  opposite  side  the  deformity  may  go 
unrecognized. 

In  upward  luirations  there  is  a  variable  amount  of  disturbance 
io  function  and  pain  at  the  seat  of  injury.  Inspection  and  palpa- 
tion will  show  the  change  in  t!ie  axis  of  the  bone  and  the  upward 
displacement  of  the  inner  end.  The  inner  end  of  the  bone  is 
abnormally  mobile. 

Diagnosis.— The  claviele  is  suljcutaniHiUS  throughout  and  the 
sternal  m»tch  may  be  pali)ated  without  difticulty.  Accordingly 
dinplaccmenta  of  the  inner  end  of  the  bone  ai^e  easily  determined. 
r>ifferentiation  of  fractures  of  the  claviclr  from  luxations  of  the 
inner  end  presents  no  particuhir  ditTicnIty  uidcss  the  swelling  is 
pronounced.  In  fractures  of  this  bone  crepitus  is  almost  invariably 
distinct,  and  the  absence  of  this  symptom  in  luxations  is  significant. 
The  distance  between  the  tip*  of  the  acromion  and  the  middle  of  the 
KUpraaternal  notch  is  lessenetl  in  both  fractures  anfl  luxations. 
Di^ilocations  of  the  inner  end  of  the  clavicle  are  not  infrequently 
overlooked  because  of  associated  lesions  which  are  more  evident. 
The  X-ray  is  of  value  as  a  routine  measure  but  is  seldotn  necessary 
to  i-wiablisli  the  diagnosis. 

Treatment. —  Reduction  is,  as  a  rule,  easily  accomplished  but  it 
ia  usually  a  difficult  matter  to  retain  the  articular  surfaces  in  their 
proper  n^lations.  Certain  positions  are  known  to  be  favorable  in 
t\u*  prevention  of  the  recurrence  of  deformity  but  the  surgeon 
ithould  determine  for  himself  in  each   and  every  case  just  what 
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poHition  is  most  favorable  in  holding  the  articular  surfaces  in 
appoHition. 

In  forxvard  luxations  the  condition  is  easily  recognized  and  there 
iM  little*  difficulty  in  reducing  the  displacement.  Outward  and 
upward  traction  on  the  shoulder  with  direct  pressure  on  the  end 
of  the  bone  will  usually  be  all  that  is  necessary  to  effect  reduction. 
The  displacing  action  resulting  from  contact  between  the  clavicle 
and  first  rib  is  avoided  by  preventing  extreme  backward  displace- 
ment of  the  shoulder  during  the  after-treatment.  Any  form  of 
drcKHing  which  w^ill  properly  immobilize  the  shoulder  without 
carrying  it  too  far  backw^ard  will  accomplish  the  desired  result. 
When  the  li»ramontous  tearing  has  been  extensive  it  may  be  neces- 
sary to  employ  some  form  of  dressing  which  will  support  the 
weight  of  the  upper  extremity  and  overcome  the  action  of  the 
muschns  which  i)ull  the  shoulder  downward,  forward  and  inward. 
In  accomplishing  this  purpose  care  should  be  exercised  not  to  pull 
the  shoulder  too  far  backward.  A  figure-of-eight  of  both  shoulders 
w  ith  the  turns  passing  in  front  of  the  chest,  and  another  figure-of- 
eight  with  the  turns  across  the  back  will  fix  the  shoulder  sufficiently 
for  all  practical  purposes.  A  plaster  of  Paris  spica  will  immobilize 
the  shoulder  very  perfectly  but  is  seldom  necessary.  It  is  often 
advisable  to  employ  direct  pressure  over  the  sternal  end  of  the 
clavicle  by  means  of  pads  and  strips  of  adhesive  plaster.  When 
pressure  is  used  in  this  way  it  should  be  remembered  that  the  end 
of  the  bone  is  subcutaneous  and  that  sloughing  of  the  skin  may 
follow  if  the  pressure  is  too  severe  or  too  long  continued.  It  is 
probably  better  to  exert  the  pressure  over  the  inner  two  inches 
of  the  shaft  rather  than  dire(*tly  over  the  end  of  the  bone.  The 
necessity  for  direct  pressure  will  depend  on  the  tendency  to  recur- 
rence of  deformity  after  the  shoulder  has  been  fixed.  There  is 
probably  no  dressing  which  will  perfectly  fill  all  requirements  in 
all  instances.  Each  case  must  be  considered  by  itself  and  the  par- 
ticular dressin«^  employed  is  of  secondary  moment,  provided  the 
shoulder  is  immobilized  with  the  luxation  in  reduction  and  in  a 
position  showing  the  least  teiideney  to  the  recurrence  of  deformity. 
It  \vill  be  found  i)ractically  impossible  to  entirely  correct  the 
anterior  disi)lacement,  but  absolute  reduction  is  not  essential  to 
complete  restoration  of  function,  and  the  slitrht  deformity  remain- 
ing is  of  little  moment. 

Young  women  may  be  desirous,  for  cosmetic  reasons,  of  securing 
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as  perfect  reduction  as  possible,  and  in  such  instances  the  shoulder 
should  be  fixed  and  the  displacement  treated  in  the  recumbent 
position  for  a  period  varying  from  ten  days  to  two  weeks. 

In  backward  dislocations  of  the  inner  end  of  the  clavicle  reduction 
is  accomplished  by  traction  upward,  outward  and  backward,  and 
is,  as  a  rule,  attended  by  little  difficulty.  If  additional  manipula- 
tion is  required  the  clavicle  may  be  grasped  in  its  middle  third, 
where  it  is  free  from  heavy  muscular  attachment,  and  direct  trac- 
tion made  to  replace  the  inner  end  of  the  bone  as  the  shoulder  is 
being  pulled  outward  and  backward.  Reduction  is  much  more 
easily  maintained  than  in  the  forward  variety,  though  the  slioulder 
should  be  immobilized  and  the  case  kept  under  observation  as  in 
forward  dislocations.  The  shoulder  may  be  immobilized  by  the 
doul)le  figure-of-eight  as  already  described,  or  the  Yelpeau  or  Sayre 
dressing  may  be  employed.  (See  Figs.  [iO  to  .*^5.)  Direct 
pressure  over  the  inner  end  of  the  bone  is  seldom  retjuired  in  this 
form  of  luxation. 

In  upward  luxation  of  the  sterno-clavicular  joint,  reduction  is 
accomplished  by  outward  traction  on  the  shoulder  accompanied  by 
direct  downward  pressure  on  the  inner  end  of  the  clavicle.  Main- 
taining the  end  of  the  bone  in  proper  position  is  attended  with 
difficulty  here,  as  in  other  types  of  luxation  at  this  joint.  The 
shoulder  should  be  immobilized  and  the  arm  supported  to  prevent 
downward  displacement.  If  there  is  much  displacement  of  the 
clavicle  it  may  be  well  to  place  a  pad  in  the  axilla,  and  bind  the 
arm  to  the  side  to  maintain  the  proper  distance  of  the  shoulder 
from  the  thorax.  The  principles  involved  in  the  treatment  of  this 
dislocation  are  similar  to  those  already  described  in  the  two  pre- 
ceding types  of  luxation. 

Operative  Treatment. — Operative  intervention  is,  as  a  rule, 
indicated  only  in  old  cases  with  loss  of  function,  and  in  cases  of 
recurrent  dislocation  which  have  not  responded  to  non-operative 
measures.  Proper  reduction  can  almost  invariably  be  had  in  recent 
cases  by  proper  fixation,  but  should  recurrence  of  deformity  take 
place  in  spite  of  appropriate  dressings,  it  may  be  advisable  to 
expo.se  the  end  of  the  bone  and  secure  it  in  position  with  suture. 

An  incision  parallel  to  the  clavicle  is  made  exposing  the  parts; 
the  end  of  the  clavicle  is  then  dissected  out  from  the  fibrous  tissue 
which  surrounds  it  in  its  displaced  position  in  old  cases.  It  is 
then  returned  to  its  proper  relation  with  the  stermim  and  fixed  in 
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position.  It  may  be  possible  in  some  cases  to  repair  the  ligaments 
sufficiently  to  retain  the  end  of  the  bone  in  place.  In  other 
instances  it  may  be  necessary  to  drill  holes  in  the  end  of  the  clavicle 
and  the  upper  end  of  the  sternum  and  prevent  recurrence  by  some 
form  of  suture  material,  either  absorbable  or  otherwise.  The  rela- 
tion of  the  great  vessels  of  the  neck  should  be  kept  in  mind  when 
operating  in  this  region.  In  cases  of  recurrent  or  habitual  disloca- 
tion a  repair  of  the  ligaments  will  frequently  be  all  that  is  required. 
The  same  results  have  been  obtained  by  the  repeated  injection  of 
small  quantities  of  alcohol  in  the  region  of  the  anterior  sterno- 
clavicular ligament,  thus  producing  inflammatory  reaction  and 
secondary  fibrosis.  Resection  of  the  articular  end  of  the  clavicle, 
with  the  subsequent  formation  of  a  false  joint,  is  a  method  which 
has  been  followed  by  excellent  results  in  habitual  luxations. 

Operative  treatment  is  rarely  indicated  in  backward  or  upward 
luxations,  but  should  the  necessity  arise  for  open  treatment  in 
either  type  the  principles  will  be  the  same  as  already  given. 

After-Treatment. — In  simple  cases  the  retentive  dressings  may 
be  dispensed  with  at  the  end  of  a  month,  and  pressure  over  the 
sternal  end  is  seldom  of  use  after  ten  days  to  two  weeks.  During 
the  progress  of  the  case  the  dressings  should  be  examined  frequently 
to  correct  alteration  in  position,  and  when  pressure  is  employed 
the  parts  should  be  carefully  w^atched  so  that  irritation  of  the 
skin  may  be  iiniuediately  detected  if  it  appears.  Activities  sub- 
jecting tlie  articulation  to  much  strain  should  be  avoided  for 
another  month  to  six  weeks  following  removal  of  all  dressings. 
When  these  simple  details  are  followed  the  patient  will  almost 
invariably  make  a  perfect  functional  recovery,  though  there  is 
usually  some  prominence  remaining  at  the  site  of  the  dislocation. 
The  after-treatment  is  the  same  in  all  forms  of  luxation  of  the 
sterno-elavicular  joint. 

Prognosis. — With  proper  reduction  and  immobilization  restora- 
tion of  function  should  be  practically  complete.  If  the  end  of 
the  bone  is  allowed  to  remain  in  displacement  there  will  be  more 
or  less  loss  of  function.  If  strain  is  placed  on  the  joint  too  soon 
following  the  initial  luxation  the  condition  may  become  recurrent. 


CHAPTER  III. 
FRACTURES  OF  THE  CLAVICLE. 


Surgical  Anatomy. 


elavicle  is  the 


t  frequently  broken 
single  bono  in  the  *^ntire  body,  and  this  fact  renders  a  study  of  its 
Huatorny  particularly  advisable*  This  fracture  Is  especially  com- 
mon in  children.  The  clavicle  is  the  only  bone  connecting  the  upper 
extremity  with  the  trunk,  and  He  position  m  quite  superficiaL 
Thege  two  facts  expose  the  bone  to  fracture,  hoth  from  direct  and 
indirect  violence.  The  most  common  fracture  is  the  result  of 
indirect  violence  and  the  break  is  usually  aituated  at  or  near  the 
junction  of  the  outer  and  middle  thirds  where  the  two  curves 
of  the  shaft  meet,  and  the  bone  cimnges  in  form  from  ** prismatic" 
to**flat/' 

The  shaft  of  the  clavicle  is  well  ossified  before  birth,  and  the  bone 
has  but  one  epiphysis  which  is  situated  at  the  sternal  end.  This 
single  epiphysis  begins  to  ossify  at  about  the  eighteenth  year  and 
joins  the  shaft  during  the  twenty-fifth  year.  The  ligaments  of  the 
sterno-claviciilar  articulation  extend  beyond  the  epiphysis  and  are 
attached  to  the  shaft  of  the  bone  so  that  epiphyseal  separations  are 
almost  never  seen. 

The  clavicle  is  situated  in  a  muscular  plane  which  should  be 
understood  to  appreciate  the  displacements  which  take  place  when 
fracture  occurs.  On  the  inner  end  of  the  bone  is  attached  the 
clavicular  origin  of  the  sterno-mastoid  above,  while  opposite  it  on 
the  anterior  and  lower  aspect  of  the  bone  is  attached  the  clavicular 
origin  of  the  pectoral  is  major.  In  the  presence  of  fracture  in  the 
ijMual  site,  it  might  seem  tliftt  these  nuiscles  would  counteract  each 
tit  her,  but  if  the  direction  of  the  fibres  of  these  two  muscles  is 
observed  it  will  he  noted  th^t  those  of  the  pectoralis  approach  the 
bone  at  an  acute  augk^,  while  the  clavicular  head  of  the  sterno- 
mafitoid  ia  placed  at  nearly  right  angles  with  the  shaft.  This  gives 
the  sterno^niastoid  the  mechanical  advantage,  and  accordingly  the 
inner  fragment  is  displaced  upward.  The  suhclavius  is  attached 
to  the  inferior  surface  of  the  shaft,  in  its  middle  third,  and  when 
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the  bone  is  broken  anrl  depressed  apainst  the  first  rib  and  the 
stnietnres  passing  into  the  axilla,  it  acts,  to  some  extenl,  as  a 
eushioii.  To  the  anterior  border  of  the  outer  third  Ls  attached  the 
deltoid,  and  on  the  posterior  border  of  tlie  same  eorresponding 
portion  of  bone  is  found  the  elavicular  insertion  of  the  trapezius. 
These  two  muscles  about  balance  each  other  and  are  seldom  re«pon- 
Hible  for  displacpinent  of  fragments.  The  li|jam(»iits  of  tlie 
clavicle  play  an  important  part  in  pn^ventiug  and  limiting  dis- 
placement of  tfie  fraj]fmeiits.     The  rhomboid  liKament  is  a  heavy 


FiK,    '2. 


Fig.  ;« 


I  i^r.    i 


Fie. 


FI(!B.  'J  anil  'd  nhtm-  thn  wiipcrior  fturfiicrs  uf  tht«  right  cliiviclo,  Dotted  Uxii^s  indicnte 
the  maTKlnft  of  muscular   and   ]iigniueutuii5   iiltArhiii«ntii«/ 

Vig»,  4  »nd  5  show  the  internal  stxiK'turn  of  ihp  Hatti«  hcina.  Note  thi^  preponderance 
of   oompiici  iiiKRtje   in   the   Khaft   and   region   corresponding   to   the  oblique  line. 

structure  which  passes  from  the  first  costal  cartilage  to  the  under 
surface  of  the  inner  end  of  the  clavicle.  The  ster no- mastoid  usually 
displaces  tlie  inner  frag^nient  upward  until  this  ligament  becomes 
taut,  when  further  df*formity  is  checked,  Wlieu  the  fracture  lies 
iidernril  to  the  coraco-clax  icular  (roronoid  and  trapezoid)  ligament 
the  inner  fragment  is  frrn^  to  move  upward »  while  the  outer  frag- 
ment falls  downward,  inward  and  forward  with  the  shoulder, 
Wlieii  tiie  fracture  passes  through  Ibis  ligament  both  fragments 
remain  attaclicd  to  the  coracoid  and  displacemeut  is  slight  or 
abs**nt.  Fractures  of  the  clavicle  between  the  coraco-clavicular  and 
acrotiiio-clavieular  ligaments  are  usually  not  aceompanied  by  much 
deformity. 
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It  is  not  often  necessary  to  operate  on  the  elavicle,  but  when  the 
occasion  does  arise  the  snrgeon  should  appreciate  the  internal 
structure  of  the  bone.  Figs.  4  and  5  show  a  horizon tal  section 
of  the  bone.  The  clavicle  is  composed  !arj]jely  of  compact  tissue, 
the  cancellous  bone  being  confined  to  the  extremities.     The  compact 


Fif.   6. — Ifmgrram  Dhowinic  th*i  relHttonn,  o(   »h«»  liriiihiftl  plejcoa  Ut  the  first  nb   and 
rUv^icki.     Section  of  cUvicIe  remove*!, 

tiasue  is  particularly  heavy  in  the  re^'ion  of  the  oblique  Hue  where 
the  coraco-elavicular  ligaiinMits  are  attatOied* 

Tlie  clavicle  is  snbcutancons  througliout  and  casil.y  palpated.     It 
should  be  tinted  that  the  acromion  stands  directly  ext**rnal  to  the 


I'if.  7. — fViW'ture  ot  Ibc  clAvicie  whh  overridlnif  di^formity  in  a  child 

otit«r  end  of  the  bone,  as  wf*ll  as  behind  it.  The  rounding  of  the 
outer  aspect  of  the  stiouldcr  is  caused  by  the  head  of  the  humerus 
beneath  the  deltoid,  and   not  by  either  clavicle  or  acromion. 

Any  portiiin  of  the  clavi<'le  may  be  broken,  but  by  far  the  most 
commou  site  of  fracture  is  in  the  outer  end  of  the  middle  third  and 
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is  decidedly  oblique.  Frar:tiire  in  this  region  is  usually  the  result 
of  indireet  violouce  and  is  ahjiast  always  prodiic<?d  by  a  fall  on  the 
shoulder.     Trauma  sustained  in  this  way  more  often  produces  a 


Fig.  0. — Green-fitick  fra<*riire  of  the  cljivide. 

disloeation  of  the  shoulder  in  adults,  while  in  children  fracture  is 
more  common  because  t!ie  clavicle  is  relatively  weaker.  Incom- 
plete fracture  is  common   in   children-     Fractures  in   either   (he 


i^ 
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inner  or  outer  third  are  comparatively  rare  and  usually  the  result 
of  direct  violence.  Muscular  action  is  sometimes,  though  rarely^ 
responsible  for  fracture  of  the  clavicle. 

It  should  he  remembered  that  fracture  internal  to  the  coraeo- 
ciavicular  ligaraent  completely  destroys  all  hnny  and  ligamentous 


FlJ.   10. — Fracture  of  thi?  middle  third  of  \hv  tlftVNle  witli  th^  u«uiil  defurinUj- 
f  Wird  dUplRCMneiiit  of  llie  ifiti«>r  fr«i.gint>nt. 


Fig,  11, — ►Frtclur*  of  the  clBvick  with  Ihe  tsuun)  defciriiiity, 

coTincetion  between  the  scapula  and  sternum,  but  when  the  break 
occurs  through,  or  external  to,  this  ligament*  a  heavy  bond  is  main- 
tained between  the  inner  fragment  and  tlie  shoulder  blade. 
Simultttiieous  fracture  of  both  clavicb^s  is  occasionally  seen  as  a 
ri'KuU  of  transverse  enishes  of  the  shoulders. 

SympiomSt — The  j^itit^nt  coui plains  of  pain  immediately  foUow- 
[ing  the  accident,  and  there  is  almost  complete  loss  of  function 


A 


Fig.   12, — Corutninutrd  fmcture  of  lh<*  aulrr  ciul  uT  Use  clttviolc   (rine). 


Fi^,    la. — t'nminiiiijli'fl    fnii-(ijr(>   of   ihi^   rlavicK-    with    (jvorridine 


as  a  renult  of  pain  mid  of  tin*  liisturifcd  mii'clmni.sin  at  tlh^  slioultler. 
Swi^llin^  iisiiiilly  developH  witiiiu  a  fow  hours  ami  ohl iterates  tlie 
supra-  and  infra-clavicuUir  fossa*.  The  siira:i^on  can  hardly  fail 
to  rocognize  tlie  ohlitoration  of  Uwso  fossm  if  the  opposite  fihoiilder 
in  inspf^ctf^l  and  r*oiii|iar('(i  If  tlie  inner  fragment  is  free  of  the 
eoraco-elaviL*ular  ligament  tin*  deformity  will  he  so  pronouneed  that 
the  nature  of  the  injury  should  he  reeogiiized  hy  inspei-tion  alone. 
The  shoulder  is  di.s|r!a('r'd  inward,  forward  and  downward,  the 
injured  memher  is  support  I'd  with  tlie  upposit*^  ha  mi  ami  tlie  head 
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inclined  to  the  injurpfl  side  to  rolax  the  pnll  of  t!io  sterno-intistoid. 
rhe  patient  is  unable  to  draw  the  shouhler  forward,  as  sIjowd  in 
lormal  cases  in  Fi^.  27  and  28.     Tlie  irnier  fra^ni'nt  is  iiHuallv 


Via:     II     -i»;i.itjj».    of    Uif    risrht    Hftvicl*^    almnil    twenty    iimiuti>.*    ivhiT    Hip    iH'tiilrni 
Miipd    by   11   fhli   on   the  hhnuUior,      Jiotf   tUo   Aw««UiuK    iu    {Iw   rf-jj^inn    of 
^!i4fht    fullinK   ♦>?    the   t-hoiJldiT.      The   mnnix'r    in    which    tht>    niilieiit 
,  IE  ,.  lik*'    iiijurt'd    mfinVwr    in    churucteriittJi:,      U    iit'tMl    W    tM(»    iliuj^nnHiit 

Dii£liL   tw   lUMtltji    l*^    HiNlMHtiUm    Mione.      I'alt>Ation    reveals   Abnoruinl    molnllty    nnd    rrriiihiH 
In!  tlup  «it9  «f  fmcliirr. 


Fie    !• 


ini«.  IS*  and  1<J.— Front  uitd  Aide  tiuwr  nf  fr««*ture  of  iho  ^Uvtclo  wUH  mod*«r«tr 
dt^orwlty,  Hoirn  ibe  prominftiro  prrHliirpd  by  the  outer  ^ud  of  lh«  ioner  frAgitK^ni. 
Pbotofrft^h*  tuliftn  »lmut  thirty  mltiuteB  (oHowin?  tlio  iiecidant. 

\    upward    and   eau,   as   n    rule,   he   palpided    and    moved 

-iifYieulty,     Tfie  nean*r  the  frai-tun-  is  Nituali'il  hi  tlie  iruit-r 

tliircl  of  the  boue  the  more  pnmnnm'«d  will  he  the  titigle  of  upward 
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displacement.  The  distance  between  the  supra-sternal  notch  and 
tlie  acromion  process  is  dtK'reaa*Ml  on  th*^  injured  side;  in  other 
words  tlie  slioulder  is  shortened,     AViien  \}iv  fraetiire  lies  throngh 


Fie.  la. 


Figm.  17  nnd  18. — Frnctufo  of  Ih**  riRht  rUiicle  At  about  Its  middle.  Note  the 
prominence'  of  \he  ©uler  end  of  the  ioni?r  friij^inpHL  Photographs  inken  nbout  twenty 
minutaa  followini^  Ilif4  artMnli'TiL 


tMsr,    19 


Flip.  H*  and  20. — Frmlur**  of  W!i  rlnvidit  nItMtui  twentT-four  houm  fullowinfr  in^ 
jury.  Note  the  fnllinp  of  the  injuff^d  Phoalder  and  the  Kweilinir  which  otjUter«te#  th* 
BuprA-  and  infra  cliiviiolnr  fosiwi*.  The  *ide  view  shown  the  forwftrd  diflpUeement  of  the 
shoulder  which    io   cumnion    in   fractnrpH  of  this   bone. 


or  external  to  tlie  coraco-clavieiilar  ligament  the  deformity    will 
usually  be  too  slight  to  recognize  by  inspection,  and  the  patient  will 
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mot  show  the  iisual   aiixit^ty   in  siipf)OTtiiig  tin?   injured   member. 

[PaiDy  local  tenderness  and  less  pronounced  loss  of  fu  net  ion  will, 

however,  be  present.     It"  tlie  surgeon  fixes  the  shoulder  with  one 

[liand,  the  fingers  of  the  opposite  hand  will  detect  ahnorinal  mobility 


Fib;,    2L  r  i»f.    22. 

Whf    ^1    fii«l   22. — Fracture   of   the    (t'ft   fluvkli'    with    pronounced    upvi'iird   tlifrpUce^ 

^   ^'' ■     5    '  ■  *-   ^T^rigtntmt  wtiirh   i«  not  iHJund   tluwii    by   the   corafo-clnvicular   Ui;iiuient- 

nn*    iiip$^nil!iriint    hi    tnnktuK    n    dUjCtioMifi    from    hmprrtioo    ulime: 

uorraal,    oxiii   ftf   anu    noniuiX    fthuuldfr    ik»  a    v/hnle  MlirhUy    lowered 

m-na   p»tif*ia    Kr»«p«    forearm.      Iirformit}    uT    rlnvirlD    fiUinly    viHibk*    hh    well    n%    pulpuble. 

|yblafr»ph»  taken  *  few  nimtitea  lollowinn;  tito  ticriri(>nt. 


Fig.  2  4 


>>  Nlu.^fcfd    urjiion    of    elttvitlr   dut^    to    [lOcir    iihprii\iin«(iou    of    frujf- 

mC    ifc   Bl>uve   sud   anU'Tior    to    Uiv   exMernwl    rnii^mt^nt.     This   de- 
ilj     itM     r.    nit    of    lh«    «cHou    of    the    cl&v'iculiir    MI.4K'liini<'nt    of    tlie   st«rnO' 
»i<l.      Fracvufc    lu-ttrcr    tbv    median    line    than    usual.     Injury    the    renull    of    dirvrt 
Fali«nl   ftrat   •twn   hy    ftulhor  tijc   wetks  after   tlie   iicclct«nl. 


Alierfiate  forward  and  backward   pressure  on   tfie  clavicle,   in 

n^gloti  of  the  fracture.     Tlie  middle  third  of  the  clin  ich*  is  free 

am  heavy  muscular  attaehoients  and  can  be  grasped  without  diffi- 

ilty   in   testing  the  integrity   of  the   bone.     When    the   normal 
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Fig.  25, — FrjH"ti!3  li'fi    cUvtcle   in    un    Mil.^     wnMl:,•.^    c,,in»    anyii   foUowinf 

th<»  Kccliii<'nt.  Note  thv  ritit>moMih  in  the  re^iniii  uf  iliu  fiuL-ture  uud  the  obliteratiun 
by  swelling  of  tb«  fiii|,>rft*  niui  Ihfri*  elovirulttr  f^ft^if,  Fnlling  of  6hou)4i(^^  not  Apparent 
b«*i'auin*  i>11x»'M'    is  Miijportf<!   I*)    xhv   tutu   uf  llit-  I'lijiir, 


Flff.  'Jfi, — Fructur.r  ni  rt^hl  rlovicW  H'hh  pnjnonnr**d  flefoniiity  followini;  improp*fT 
trcatiiifnl.  litis  ctise  liitfording  Uj  Ihe  hisUfry  ariven  by  ihei  pnHf nt  >  wfts  in»ai<>d  hy 
nuMHiH  ut  a  plftKriT  cast  uf  the  KWiuIdi'i*  unci  th«>  dcftjruiity  rerojcnked  only  vvUen  tbe 
drnflfiinie  w«i«  rfmov**<l  Rmnr*  wft-kn  later.  Functioii  ol  Hhuuldpr  tnuch  trnpninnl  and 
«yinploni»^  «(  hrrnhijil  idi^\u»  iirilnliuii  pi»'MmL  ThU  *'ondition  i»  a  Mrtkinf  examplrio 
of  w  tirtt   may   ffillow  treiilinfnt   whirlk   i»   nut  b^ised  on   proper  iirinclples. 
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sliouldor  J8  thrown,  forward  this  mkltlle  third  stands  out  pronii* 
iieiitly  n&  shown  in  Figs.  27  and  28. 

Ecehymosis  iisaaHy  develops  within  the  (irst  day  or  two  and  is 
almost  pathognomonic  of  fracture. 

Ill  children  the  fraetnrt*  is  often  incomplete  and  the  symptoms 
are  ranch  less  prononneed.  Local  tenderness  and  pain  are  present 
but  the  child  may  not  show  any  pereeptihle  disturhanee  in  the  use 
of  the  arm  anil  lifin«l.     ^lorc  comiiioidy.  however,  there  is  a  disin- 


FM5»   28, 

Wigt^    27    and    2^. — ^ThBx^    twd   pinltirtvM    wi»r«    iiik«ri    to    d^mon^ti'mte   the    muutier   in 

F^htrli  III* ■«■:"'     .'    ►>.      .1...  (-    ,.'  -    >'     ^....,.1.    „^^^   |,y   thruwin?  the  ehoulilera  for 

.  wTird       *\\  Mn?   o<   Oie   bone   but  show*  wheUfi^r 

\  4*t    u*t\   th'-  .,n.      If   (In-   clavicte   in   frueUired   th« 

pui.     ,,.M,i.Mi     v>  M.  P.    th*»    piitiirnl    19    reque8l<?d    W    tUrow 

"*»€>    And    wcU  rmiM-li^d    jtrrKHift   il    In    raori?    dilfinih    to   iW¥ 

ih»   siguH    uiiil    hyntptumM    »C    fmcturt.'*    art*   nimost    ulwayN 

■  •I  Ml   ji   dm|t;n(»HiB  it   [Ih*  f*\nm\nf>r   iw  otNtfrvunt   i»nd   Avstt^niAlio. 

[rUtiJittun  to  u^ic  the  haii<l  of  the  iiijuri-tl  side  and  the  patient  will 

|f*r>'  out  when  the  arm,  ftuvjinn  or  slionlder  is  mani|>nlated.     Local 
iwellini?  is  usually   tirenent.     \V[h*ii   Ifie    frac-rnre   is  complete   tht> 

[nyniptoms  will   lie   more   prononncrd   thouL'^h   ilcforniity   is  almost 

Juiwnyi^  nlight  in  children. 

Fracture  of  the  elavide  is  rarely  compound  and  injury  to  the 
it nu- turcH  im.*«iiij]f  hcncath  the  ehiviclt»  inv  nire,  eons idt^ ring  the 
frc<tuency  with  wliich  the  clavich*  is  fractured.  If  the  brachial 
plejcuM  or  axillary  artery  ia  injured  symptoms  of  paralysis  or  nerve 

[irritation  «ir  disturbance  in  the  circulation  of  the  upper  extremity 

inrill  develop, 

Oepitii^  is  a  gymptom  which  can  almost  always  be  elicited  in 
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fractures  of  the  clavicle,  except  in  the  incomplete  form  occurring 
in  children. 

Diagnosis. — There  is,  as  a  rule,  little  difficulty  in  recognizing 
fracture  of  the  clavicle  if  the  region  of  the  shoulder  is  carefully 
examined.  The  diagnosis  is  based  on  the  symptoms  just  given. 
Incomplete  fractures  in  children,  and  fractures  of  the  outer  end 
of  the  bone  are  most  likely  to  be  overlooked.  In  establishing  a 
diagnosis  of  fracture  of  the  clavicle  it  is  not  sufficient  to  note  the 
presence  of  a  break  in  a  given  region,  but  the  entire  shoulder  should 
be  examined  to  exclude  associated  lesions.  The  clavicle  should  be 
palpated  from  end  to  end;  occasionally  the  fracture  is  multiple. 
The  spine  of  the  scapula  and  the  acromion  should  be  palpated  and 
the  condition  and  position  of  the  upper  end  of  the  humerus  should 
be  determined.  The  circulation  of  the  forearm  should  be  exam- 
ined and  the  reflexes  noted. 

Treatment. — Reduction  of  the  deformity  in  fractures  of  the 
clavicle  is  usually  a  simple  matter,  being  accomplished  by  pulling 
the  shoulder  outward,  upward  and  backward.  The  deformity 
recurs,  however,  as  soon  as  the  parts  are  released.  Correction  of 
the  displacement,  therefore,  is  useless  prior  to  the  application  of 
retentive  dressings. 

Innumerable  dressings  have  been  devised  for  maintaining  the 
fragments  in  reduction,  but  only  those  which  have  proven  most 
satisfactory  will  be  considered. 

The  modified  Satfrc  adhesive  plaster  dressing  will  be  found  most 
satisfactory  in  the  largest  number  of  cases  and  is  applied  with 
three  strips  of  adhesive  plaster,  each  about  four  inches  wide  and 
long  enough  to  encircle  the  trunk  one  and  a  half  times.  Zinc-oxide 
plaster  sliould  be  used  as  it  is  less  irritating.  Before  the  adhesive 
is  applied  the  axilla  should  be  cleansed,  and  the  arm  and  chest 
sponged  with  alcohol  and  thoroughly  dried.  A  folded  towel  should 
be  placed  in  the  axilla  or  a  few  layers  of  gauze  secured  in  position 
to  prevent  the  arm  from  coming  in  contact  with  the  chest.  If  the 
upper  extremity  is  immobilized  and  skin  is  allowed  to  come  in 
contact  with  skin,  cutaneous  irritation  is  almost  sure  to  follow  and 
may  be  severe.  A  light  folded  towel  or  folded  gauze  should  also 
be  placed  about  the  middle  of  the  arm  before  the  first  strip  of 
adhesive  is  applied. 

The  first  stnp  of  adhesive  encircles  the  arm  (the  loop  being 
secured  with  a  safety  pin)   half  way  between  the  shoulder  and 
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Pelbow;  the  strip  is  then  eontiiiued  lunlor  tfiisioii,  across  the  baek, 

under  the  opposite  arm  and  on  to  the  ehest  anteriorly.     This  strip 

of  adhesive,  when  in  place,  should  puU  the  arm  well  backward. 

'  The  portion  of  the  dressing  eneirding  the  ann  should  be  equi- 

l distant  from  the  shoulder  and  elbow;  ueither  above  nor  below  this 

[point.     The  second  strip  begins  behind  the  shoulder,  extends  down 

'the  baek  of  the  arm,  under  the  elbow,  along  the  doi'sal  surface  of 

the  forearm  and  hand,  and  over  the  opposite  shoulder.     As  this 

»8trip  passes  under  the  elbow  the  adhesive  should  be  split  and  a 

generous  padding  of  cotton  placed  in  position  to  prevent  irrita- 


Wi$.    29,^Prjietore    of    ilu-    nijiil    rhivirlr*    witti    ttw    unual    B^mptatnn.     The   foUonrtDg 
CcufM  iliOW  the  fttrpliCAtiou  of   n  m«»ditled   H^tyiu^  dressing  to  this  c&Ae. 

tion  at  the  point  of  the  elbow.  As  the  end  of  the  strip  is  being 
[uttached  to  the  opposite  shonlder  the  hand  should  be  raised  on  the 
and  the  elbow  piiHed  forward.  This  second  strip  pulls  the 
>w  forward  (thus  displacini^  the  shoulder  backward  with  the 
[tiiiddle  of  the  arm  tixed  by  tlie  first  strip)  and  raises  the  entire  arm, 
jWlien  these  two  straps  are  in  pasition  the  shoulder  is  pulled 
[upward,  backward  and  outward,  thus  meeting  the  re(|uirement8  for 
Irrduction  of  the  displaced  fragraenta,  A  third  strip  of  adhesive 
Iplasttr  is  then  pasaed  horizont^illy  around  the  chest  and  arm  to 
[fix  the  arm  to  the  side.  Instead  of  this  strip  a  l)ody-swatfie  may 
\\m  ujw-d  to  steady  the  member.  This  dressing,  when  properly 
[applied,  imn30bili7.es  the  ghoulder  most  satisfactorily.  The  aotlior 
found,  however^  that  the  patient  usually  comi>lains  of  the 
a«iiient  of  the  hand  which  often  shows  considerable  irritation 
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Fig,   31 


Auiltor'^  mrMlifliriition  of  A  Hnvrv'*  drpsRinsr  npitJiisl  Ici  lh«  fraeturctl  plavSde  shown 
in  ¥\fi,  11^.  lit  iMk  dreRKinic  Ibe  hand  la  tiul  itirlyded,  which  t«  u  grcnt  comfort  to  the 
paliHi}^  jind  d*n»n  nf^l  rei^der  the  dr«*»sing  U^tm  *«fr*<rtivt?  S»yre'(*  dressing  will  meet  th« 
JndinalionH  better  in  ihp  RTcatesl  nttmlier  of  i-nsefi.  Wh**n  i^mployed;  in  the  tre^iitnient  of 
children,  «peeiiil  care  ithuiild  bo  takfu  in  WHt^hing  fur  nipniK  gf  IrritMion  lo  the  delicate 
Rkici.  (Shc  Figs.  :i7  and  3H, — Thp  Taytnr  hrfici'.  which  is  erf  great  advantage  in  the 
treatineni  of  i'hildr*>n.  Ji 

Fig.  90. — FLrut  slrAp  of  adhesive  enrirrl^ws  the  arm  and  then  tlie  bo-dy,  pulling  the 
mrm  backwiird. 

Fig.  31. — Second  strnp  of  ndhesive  pniDi^inK  down  th«  poftt«rtor  aap«ct  of  the  arm, 
under  the  elbow  and  over  the  oppo*ilo  Klujuldt^r. 

FiK*  32. — TJiird  slrnp  of  iidhf>i>ive  whiih  pu»«et  down  Ihe  outer  alida  of  the  arm, 
uu<ler  thfi  elbow   and  iindtr  llie  hand  lo  the  oppoiile   ahonlder. 


Fig.   33.- 
teriorly. 


-AnolheT   view  of   the   dreaaicg  ahowing  tiw  attachmenl  of  tttt  itrapA  p«it 
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where  it  comeR  in  eoiitaet  wilh  the  adhesive.  To  obviate  this  the 
aotlior  has  heeii  in  the  habit  of  dividing  the  second  strip  into  two 
narrow  strips  applied  as  shown  in  Figs.  ri2  and  li'i.  The  first 
strip  passes  down  the  posterior  aspeet  of  the  arm,  under  the  elbow, 
and  then  diagonally  across  the  forearm  so  that  it  passes  above  the 
baud  and  over  the  opposite  8h<julder.  The  second  strip  passes 
down  the  outer  side  of  the  arm,  under  the  elbow  on  its  outer  aspect, 
and  then  diagonally  across  the  forearm  in  the  opposite  direction 
so  that  it  passers  below  the  hand  and  over  the  opposite  shoulder. 
The  hand  is  thus  left  exposed  and  free  from  irritation,  and  the 
patient  may  move  it  at  will,  thus  relieving  the  discomfort  of  the 
cramped  position  without  in  any  way  disturbing  the  fixation,  (See 
Figs.  29  to  33.)  In  some  instanees,  especially  when  the  fracture 
is  in  Uie  inner  half  of  the  hone,  additional  direct  pressure  may  Ix' 


fit.  a4.^-^Mohr*ft   flgUTPfir  Mf^iiCht,  Pi«.   35,^Show*    flii'    I  urns*   uMinl    in   VH 

ry  to  prevent  upward  diKplaeement  of  the  iiuicr  fragment. 
ThiJi  IS  accomplished  by  means  of  pads  of  gauze  or  cotton  held  in 
position  by  strips  of  adhesive. 

When  adhesive  plaster  is  not  available  Mohr*s  figure-of-eight, 
Velpeau's  bandage  or  a  posterior  tigure-of-eight  with  the  turns 
pAflSing  behind  the  shoulders  will  serve  the  purpose  as  an  emergency 
drearing.  These  dressings,  however,  are  all  too  insecure  to  be 
relied  upon  in  permanent  fixation  of  the  clavicle. 

The  reeumtient  position  will  almost  invarial)1y  maintain  the  frag- 
ments in  good  position  when  ail  fori  as  of  aiid>ulutory  treatment 
prore  inefficient  The  patient  should  be  placed  on  a  firm  run- row 
bed,  the  arm  sreured  to  the  side  by  means  of  a  swathe,  and  a  small 
firtfi  pillow   f)laeetl   between  the  sea pu Ire  and   fixed   in   position  on 
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tilt*  back  by  meana  of  strips  of  adliesive.  Mulliple  fracture  of  the 
claviele  or  simoltant^oys  fraeturo  of  both  flaviolps  ran  be  success- 
fully  trt^atiHl  by  this  itit^tliod.      (See  Fig,  M.) 

The  test  of  any  dressing  is  the  positioti  oeeiipied  by  the  fragnieiits 
aiui  the  absenee  of  uiuhiLt  eoiistrietioii  of  the  arm  and  forearta.  No 
matter  what  method  is  i'tnidoytnl  either  the  i>re.seu<*e  of  tleformity 
or  strauj^ulation  of  the  upper  extremity  is  a  eoiiditiou  wliicdi  calls 
for  convrtioo  and  inilirati*8  tb**  ineftleieni'V  of  the  dressing. 

In  a^bilt.s,  espeeiaily  large  [HTsons,  eansitk-rable  strenj^^th  is 
necessary  in  the  dressing  to  maintain   the  proper  position  of  tfii* 


Fig,  ilU, —  III  ilifTVt'ult  cuiH'w  nu'iMtibvtil  tr«'<4t(iii(<fi(  wiU  tfivo  KiMifl  ri*KiiItii  when  olhi*r 
luelbuUa  would  fnil  Thts  iihciioKriiph  wui^  Inkvn  iihcmt  tlvi<  yr-ntu  nftf^r  (ritctiiri*  at  built 
rljivirl««  (ofiP  cliivMcle  in  two  pUf#«)  mid  fnirtur*'  nf  ill*"  HTst  ftinl  »i't"ond  rtlMi  on  b«»th 
teldet.  HtMCumtHMit  tri^tttnirnt  wa«  I'lfiuloytid,  At  llit;  liiiu^  Uiiii  ;fhit|Mi;rei|ih  wft«  tak<»n  ft 
w»*    liiipvBRiialti    to   detvrmitie   by    t>"U»"tiun    th«i    lurmwr   tH»»UmnM    uf    iliu    fructureii    in   the 

Upper  extremity,  and  accordingly  the  points  of  greatest  pressure 
(the  nuddle  of  the  arm  and  the  point  of  the  elbow  in  Sayre^s 
dressing)   should  be  particularly  well  padded, 

Taylor's  brace  {see  Fig.  37)  is  espeeiaily  w^^ll  adapted  to  frac- 
tures of  the  (^laviebi  in  ebildren,  and  allows  freedom  of  inoiioD  of 
both  arms.  Sayre's  dre^ng,  however,  will  answer  the  purpose 
very  well,  though  the  deli<^at«'  skin  of  a  child  must  be  closely  watched 
fi»r  irritation  wb*  n  adhesive  jihister  is  employed. 

Operative  Treatment. — ^Ni-arly  all  eases  of  fractured  clavicle  can 
Im'  sueeess  fully  treated  rither  by  Say  re's  dressing  or  the  recumbent 
mt^ttiod   and    henee   operative   intervention   is  rarely   indicated   in 
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recent  canes.  Wlitvn,  fio\vevpi%  operation  is  <1rriiaiideri  a  Biiigle  loop 
of  suture  material  will  usually  accomplish  all  that  m  requirt^d  to 
hold  the  f raD:iiieiits  in  position ;  the  Lane  plate  is  almost  never 
needed.  The  iiieision  is  best  made  a  little  below  and  paraUel  to  the 
bone,  rather  than  ilireetly  on  it.  If  the  incision  is  a  little  below 
the  clavicle  a  short  tiap  may  be  made,  and  the  danger  of  infecting 
the  wouo<i  from  tlie  cut  skin  edges  will  be  leas*^'ned. 

IMost  surgeons  (U'efer  absorbable  suture  material  (mich  as  kanga- 
roo  tendon)  to  wire,  in  securing  the  ends  of  the  frai^ments.  In 
cifieratiuL'  on  the  inner  end  of  the  hotie  the  surgeon  should  have  in 


Pig,    88. 

FIfPL   ;i7  and   3ti,— Ttie  C-  F-  Taylor  brA(*e  which   is  particuUrly  ftatiafftctorj   in   the 
traatlBttit  of  fr»ciur<Hi  of  the  cliTiele  in  chfldrpn. 

mind  the  relations  of  the  important  structures  passing  between  the 
elaviele  and  the  tirst  rib.  The  subclavian  vein  lies  directly  behind, 
and  in  contact  with,  the  clavieb?  and  subelavins  muscle,  and  just 
external  to  and  behind  the  rhomboid  ligament,  A  little  external 
to  the  vein  and  separated  from  it  by  the  scaleiiius  anticus  is  the 
subclavian  artery,  which  is  also  in  relation  with  the  clavicle  and 
mibelavins  muscle.  If  the  surgeon  does  not  exercise  great  care 
either  of  these  vessels  may  bf!  injured »  thns  giving  rise  to  serious 
and  tronble«ome  hemorrhage.  External  to  the  artery  is  the  brachial 
plexua  deftceuding  from  the  neck  into  the  axilla.  Fortunately 
bowefver  fracture  of  the  clavicle  in  the  region  of  these  structures  is 
rare* 

Operation  in  sometimes  demanded  in  old  casea  because  of  injury 
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to  the  brachial  plexus  with  resultant  paralyses.  These  injuries  are 
usually  due  to  pressure  alone  (without  laceration  of  the  nerves)  and 
if  the  condition  is  not  too  old  removal  of  pressure,  by  dividing  the 
l)one  and  raising  the  depressed  fragment,  will  be  all  that  is  required. 
Following  operation  it  will,  as  a  rule,  be  wise  to  fix  the  parts  with 
a  Sayre's  dressing  to  relieve  the  internal  fixation  of  as  much 
strain  as  possible. 

After-Treatment. — Say  re's  dressing  is  the  most  secure  known, 
yet  it  requires  w^atching  from  day  to  day  to  correct  slipping  and  to 
take  up  the  slack  as  it  develops.  The  fact  that  reduction  is  perfect 
and  immobilization  is  secure  after  the  dressing  is  in  place  should 
not  lead  the  surgeon  to  assume  that  the  same  conditions  will  prevail 
a  week  later. 

Most  text-books  advise  the  removal  of  the  dressing  at  the  end  of 
a  few  days  to  inspect  the  skin  for  evidences  of  irritation  and  to  see 
that  reduction  is  maintained.  This  wull  seldom  be  needed  if  the 
dressing  has  been  properly  applied  in  the  first  place.  Additional 
strips  of  adhesive  following  tlie  course  of  the  **second  strip,**  as 
described  in  the  application  of  Sayre's  dressing,  may  be  used  as 
needed  to  raise  the  elbow  and  correct  the  downward  slipping.  The 
case  should  be  carefully  watched  for  signs  of  cutaneous  irritation, 
strangulation  of  the  circulation  of  the  arm  and  for  the  partial  recur- 
rence of  deformity. 

In  the  uncomplicated  case  in  a  child,  union  may  be  expected  at 
the  end  of  two  and  a  half  or  three  weeks,  though  the  callus  at  this 
time  is  in  no  condition  to  withstand  any  considerable  strain.  In 
adults  a  month  or  a  little  more  is  necessary  for  the  fragments  to 
unit<\  The  dressinfjs  may  be  removed  at  the  end  of  three  to  five 
weeks,  according:  to  the  age  of  the  patient,  and  the  arm  carried  in  a 
sling  for  anotlu^r  week  or  ten  days.  During  the  after-treatment  the 
dressing  should  he  ehangcHl  every  ten  days  and  the  parts  carefully 
inspected  and  cleansed.  In  removing  the  dressing  the  patient  is 
best  placed  in  the  recuni]>ent  j)osition  so  that  the  clavicle  will  not 
be  sui).ieft*M]  to  strain  during  the  change  from  the  old  dressing  to 
the  new.  Care  should  be  exercised  not  to  pull  the  shoulder  forward 
as  the  old  dressing  is  being  removed  and  the  new  one  applied. 
With  the  uppe^r  extremity  released  it  is  well  to  fully  extend  the 
elbow  and  gently  abduct  the  shoulder  without  disturbing  the 
clavicle.  This  will  aid  in  keepinjj:  these  joints  free,  and  will  be 
followed  l)y  more  rapid  resumption  of  function  when  the  dressings 


FRACTURES  OP   THE   CLAVICLE  29 

are  permanently  removed.  If  the  dressings  are  replaced  in  the 
sitting  position  the  surgeon  should  have  an  assistant  to  confine 
his  entire  attention  to  holding  the  shoulder  upward,  backward  and 
outward  while  the  dressings  are  being  changed.  Massage  and 
passive  motion  should  be  instituted  as  soon  as  the  dressings  are 
permanently  removed,  but  care  should  be  exercised  not  to  submit 
the  clavicle  to  strain  before  the  callus  is  well  formed.  These 
measures  are  of  the  greatest  value  in  keeping  up  the  tone  of  the 
muscles  and  in  maintaining  the  integrity  of  the  articular  surfaces 
following  operations  on  the  nerves,  pending  the  regeneration  of 
these  structures. 

Prognosis. — In  the  usual  fracture  of  the  clavicle  complete  resto- 
ration of  function  and  strength  should  follow  proper  treatment. 
If  the  fragments  have  been  allowed  to  unite  in  deformity  there 
will  be  some  loss  of  function,  varying  with  the  degree  of  deformity, 
and  if  the  brachial  plexus  is  impinged  upon  there  may  be  a  more 
or  less  complete  paralysis  of  the  upper  extremity.  If  the  disturb- 
ance in  function  is  due  simply  to  mechanical  causes  surprising 
improvement  may  take  place  as  the  years  go  by.  The  complication 
most  often  rendering  the  prognosis  bad  is  injury  to  the  brachial 
plexus.  When  this  structure  is  damaged  the  outlook  will  depend 
on  the  nature  and  extent  of  the  injury,  and  the  length  of  time  the 
paralysis  has  been  established.  With  paralysis  existing  a  year  or 
two  there  is  little  chance  of  improving  the  condition  by  operation, 
but  even  under  these  circumstances  there  is  everything  to  gain  and 
nothing  to  lose,  and  it  is  advisable,  therefore,  to  expose  the  plexus 
and  do  what  can  be  done  by  relieving  pressure  and  suturing  divided 
nerve  ends.  In  recent  cases  the  prognosis  is  not  bad  if  operated 
early,  although  the  process  of  regeneration  may  extend  over  months 
or  even  a  year. 

In  the  uncomplicated  case  of  fracture  of  the  clavicle  the  prog- 
nosis is  good  whether  in  child  or  adult,  provided  proper  treatment 
is  carried  out. 


C^HAPTER  IV. 
DISLOCATIONS  OF  THE  OUTER  END  OF  THE  CLAVICLE. 

Surgical  Anatomy. — The  aeromio-clavicular  articulation  is  of 
the  arthrodial  type  and  is  composed  of  two  small,  nearly  flat,  oval 
facets,  one  on  the  acromion  and  the  other  on  the  outer  end  of  the 
clavi(»le.  The  plane  of  this  articulation  is  not  at  right  angles  with 
the  long  axis  of  the  clavicle  hut  is  so  placed  that  the  clavicular 
facet  looks  downward,  outward  and  backward.  The  result  then 
(when  the  acromion  is  forced  inward  toward  the  base  of  the  neck) 
is  that  the  clavicle  will  t«nd  to  slip  upward  onto  the  top  of  the 
acromion.  Violence  of  this  type,  however,  is  more  likely  to  pro- 
duce fracture  of  the  clavicle  than  dislocation  of  either  end.  An 
inter-articular  fibro-cartilage  is  sometimes  present  between  the  two 
articular  facets.  The  joint  depends  entirely  on  the  ligaments  sur- 
rounding it  and  those  passing  between  the  coracoid  and  the  clavicle. 
The  coraco-clavicular  ligaments  play  an  important  part  in  reinforc- 
ing this  joint  and  are  usually  torn  when  the  displacement  is 
pronounced. 

Nearly  all  the  dislocations  of  the  aeromio-clavicular  joint  are  of 
the  upward  type.  About  a  dozen  cases  of  downward  luxation  have 
been  reported.  Another  form  of  dislocation  is  one  in  which  the 
clavicle  is  displaced  downward  and  forward  beneath  the  coracoid 
process,  but  the  few  cases  reported  are  questionable  and  the  type  is 
doubtful. 

The  upward  luxation  is  described  as  complete  or  incomplete, 
according  to  whether  or  not  the  articular  facets  clear  each  other. 
Tli(^  acroinio-clavicular  ligaments  are  more  or  less  completely  torn, 
and  the  coraco-clavicular  ligaments  may  be  partially  or  completely 
ruptured,  dcpeudinc:  on  the  extent  of  the  displacement  and  the 
degree  of  violence. 

Direct  violence  is  usually  responsible  for  luxations  of  the  acromio- 
clavicular joint,  though  muscular  action  is  known  to  have  produced 
the  condition.  A  downward  blow  on  the  acromion  may  displace 
this  process  downward  while  the  clavicle  is  prevented,  to  some 
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oxteiit,  from  aecornpMiiyiijg  it  by  tlio  action  of  the  trapezius.  The 
sanit'  type  of  violence  wliii*li  prodiifes  fraetiire  nf  the  clavicle  may 
in  rare  instances  be  n^ispoiisible  for  luxations  of  the  outer  end. 

Symptoms. — Dislocatiofia  ot  tlie  clavicle  vary  with  the  direelion 
of  the  disphi*^ement  ami  the  extent  of  li^ameutar^'  rupture.  There 
is  always  nion*  or  1i*hs  i>airi  in  the  region  of  the  aeromio-elavicular 
articulation  which  ih  increased  by  both  active  and  passive  motion 
of  the  shoulder.     Disability  varies  lyfreatly  in  «liffereut  cases.     Com- 


Fisf.   40. — DinWiilmn    of   \iw   mit*?r   i^nd   of   iln>   cUvirk'    u    fi^w    miiiiit»K    following  the 
ftccideai.      Note  tbe  proininiPDrp  inrlii'ntt'jl   hy  ihe  arrow, 


plete  los8  of  function  may  be  present  in  some  eases  while  in  others 
the  patient  may  be  able  to  nse  the  shoulder,  though  the  action  of 
the  part  is  more  or  less  restrieted  by  pain.  It  is  probable  that  this 
variation  in  disability  depends  largely  on  the  extent  of  laceration 
in  the  coraco-elavicular  ligaments.  The  nature  of  the  deformity 
varies  with  the  type  of  luxation. 

In  the  common  npward  variety  a  distinct  prominence  is  noted  at 
the  outer  end  of  the  clavicle.  In  the  incomplete  form  the  promi- 
nence of  the  displaced  onter  end  is  not  great,  being  as  a  rule  leas 
than  the  thickness  of  the  bone.  In  the  complete  form  the  outer  end 
of  the  boni^  stands  out  prominently  and  may  be  moved  about  on 
palpation.     By  pressing  on  the  outer  end  of  the  clavicle  and  raising 
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fie  shoulder,  the  prominence  may  he  made  to  (]istip[)PHr  as  the  luxa- 
tion is  redueecL  Ketnirrence  of  deformity  is  firomj>t  with  relpas«> 
of  the  shoulder,  A  rotary  displacement  of  the  scapula  is  noted 
in  some  instances;  the  tip  of  the  body  lieing  more  prominent  llian 
normal,  while  the  spine  and  acromion  are  depressed.  If  tlie 
clavicle  Is  grasped  in  ita  middle  third,  where  it  is  free  from  heavy 
mnBcular  attachments,  and  manipulated,  pain  will  lie  produced  at 
the  outer  end. 


Fir  43. 


I^i^     41   urtd    42. — Dulo^'Atiion   of   lb«  <  iid   oC   tW   rliitricic  nhorOy   following 

i««tdeDt.  Not*  thci  forward  and  downwm^  n  ii  Mfm«?nt  of  tlie  shoulder  and  th*:*  ab- 
normal  |inmiln«nr»  of  the  outf^r  «nd  of  (he  cUtvicl'j  which  Hiightly  overlaps  thf*  nrromion, 
Fortlrvr  diitpl»c«io«it(,  is  n''<^*'!'ntHi  by  the  coraeoclaviculiir  lijy;aiuents  which  rem  a  in  intact. 

In  the  downward  type  of  luxation  the  outer  end  of  the  bone  lies 
below  the  acromion  and  is  displaced  haekward.  The  middle  third 
of  the  fthaft  is  less  prominent  than  normal,  the  trunk  is  inclined  to 
the  injured  side  and  the  shoulder  is  lowered.  The  downward  dis- 
placement  of  the  outer  end  causes  the  sternal  extremity  to  heeome 
nnduly  prominent.  The  entire  inner  horder  of  the  acromion  is 
pnlpahle  and  the  articular  facet  may  be  felt.  It  will  usually  be 
pOifdhle  to  feel  the  clavicle  at  the  point  where  it  passes  under  the 
aeromioD. 

In  the  mhcoracoid  form  the  clavicle  is  said  to  be  lodged  under 
the  coracoid  process*  The  outer  end  of  the  hone  lies  in  the  axilla 
and  there  is  ly^reat  ecchymasis  in  the  rrj^ion  of  the  corncoid, 

Oiagliosis. — In  the  usual  type  of  acroniio-eljivicular  luxation  the 
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iliaf^nosis  may  be  tentatively  made  by  inspection  alone.  The  nature 
and  pasilioii  of  tlu^  prominenee  is  charaeteristie.  Manipulation  of 
the  elavic'le  or  shoulder  causes  motion  at  the  acromio-clavieular 
joint.  The  rei^'ion  of  the  promineuce  sboubi  be  earefully  palpated 
to  exclude  fraetnre  ot  tht*  outer  end  of  the  elaviele,  and  fnieture  of 
the  acromion.  Kitln-r  of  these  conditions  is  productive  of  crepitus. 
The  lip^anit'nts  soniptiint^s  avulse  a  small  portion  of  either  elaviele 
or  acromion  in  lieu  of  ruptuiv  of  Ifie  lip:ainent  it,srlf,  and  when  this 


Fi^.   43. —  Ort  ,1    .1?.    ■itioji    (if    lliM    <iut€>r    end    «f   lhi«    cl»vide.     Th*    o4it(?r    end 

of   the    clttvk'le    »N      •r,:j.\t\    .i»i*ii  r    the    acrouiinii    nn^   tV   patient   afiBumfji   ih\n    i&ttitud<i^    »* 

tltit?  one  of  IpUHt  ilJM  *imfi»ri, 

occurs  the  snrpeou  may  be  able  to  elicit  crepitus  and  mistake  the 
condition  for  fracture.  Carefnl  palpation,  liOAvever^  will  determine 
the  false  motion  in  the  joint  itself  and  not  to  the  outer  or  inner 
side  of  it.  The  displaced  axis  of  the  clavicle  and  the  relatively 
raised  acromion  should  suggent  the  condition  in  the  rare  downward 
type. 

Treatment — In  the  common  type  of  luxation  reduction  is,  as  a 
rul*%  easily  cfferted  by  upward,  outward  and  backward  traction  on 
the  shoulder.  Recurrence  of  deformity,  however,  is  the  rule  and 
retentive  dressing,''  should  hf^  at  hand  to  maintain  the  outer  end 
of  the  clavicle  in  position  as  soon  as  reduction  is  accomplished. 
Stimson's  adheisive  plaster  dressing  is  quite  satisfactory  in  prevent- 
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ing  redisplaeement,  Tlie  axilla  is  first  cleajis*Hl,  sponged  with 
akohol,  and  drknl  and  a  Toliled  towel  is  placed  heUveen  tlie  arm  and 
the  chest  to  prevent  nkin  eoniiu^  in  eontaet  with  .skin  during  the 
subsiHpieut  inimoliilizatioTu  The  anri  is  then  placed  at  the  side 
and  the  elbow  seudtlexcd.  A  ?strip  of  adhesive  four  feet  long  and 
three  or  four  inehes  wide  is  then  placed  under  tlie  elbow.  One  end 
is  carried  up  the.  anterior  aspect  of  the  arnj  and  over  the  shoulder 
at  the  site  of  luxation.  The  posterior  end  of  the  plaster  is  carried 
up  the  fiosterior  aspect  of  the  arm  in  a  simiUir  maimer  and  earried 
forward  over  the  shoulder.     As  the  ends  of  thin  dre^King  are  being 


ng.   4l,^Dr«j*»lijg    (o   iiiNiiitttiu    rtfdui-tion    in    liiJiAlmn   qI   the  outer   eiiil   ui   cUvicle. 
Wif,   iS, — Sttmit  prinrt|})f>  rurrtfd  out  with  utlh^Alve  |iUitt4?r  insicfirl  of  bandage.      Note 
tb#  pwl  uvur  otiler  fud  of   clllvicU^ 

brought  into  position  the  shoulder  should  be  raised  uiiward,  back- 
ward and  outward^  and  pressure  should  be  made  on  the  outer  end 
of  Ui«*  elaviele.  When  tlie  piaster  is  properly  placed  it  pulls 
upward  on  the  »t^niitiexed  elli<*w  and  exerts  downward  [uvssnre  on 
the  outer  third  of  the  chivicle.  The  arm  is  then  secured  to  the  side 
by  nieana  of  a  body  swathe  and  the  forearm  carried  in  a  sling. 

in  iht  downwanl  type  of  Ituafion  rcdiielion  is  accornp!islu*d  by 
outward  traction  on  the  shoulder  and  direct  manipulation  of  the 
elftviele  by  grasping  it  in  it.s  middle  third.  Keeurrenee  of  deform- 
ity di>*^  not,  as  a  rule,  occur  following  reduction,  and  at^eordingly 


i 


36  FRACTURES  AND  DISLOCATIONS 

no  retentive  apparatus  other  than  a  sling  and  body  swathe  will  be 
needed. 

Operative  Treatment.— Open  treatment  is  seldom  indicated 
since  reduction  can,  as  a  rule,  be  maintained  by  the  dressings  just 
described.  In  exceptional  instances  suture  of  the  outer  end  of  the 
clavicle  to  the  acromion  may  be  needed  to  prevent  recurrence  of 
deformity.  Both  wire  and  absorbable  suture  material  have  been 
successfully  employed.  It  may  be  possible  in  some  cases  to  suture 
the  ligaments  about  the  end  of  the  bone  in  such  a  manner  as  to 
obviate  the  necessity  of  drilling  into  the  bone.  In  the  downward 
variety  of  luxation  operation  may  be  called  for  to  disengage  the 
outer  end  of  the  clavicle. 

After-Treatment. — The  clavicle  should  be  watched  for  recurrence 
of  deformity  especially  following  the  upward  type  of  luxation.  A 
certain  amount  of  slipping  will  take  place  in  the  dressings  and 
should  be  corrected  to  keep  the  end  of  the  bone  in  position.  Irrita- 
tion may  develop  at  the  site  of  pressure  and  require  attention. 
Three  to  four  weeks  should  be  allowed  for  the  ligaments  to  heal. 

Prognosis. — The  outlook  in  the  ordinary  case  of  luxation  of  the 
outer  end  of  the  clavicle  is  good  as  far  as  restoration  of  function  is 
concerned.  The  prominence  of  the  articulation  may  be  a  little 
greater  than  normal  when  recovery  is  complete,  and  in  some  cases 
a  slight  amount  of  displacement  may  persist,  but  these  conditions 
are  not  incompatible  w  ith  free  use  of  the  part  and  a  strong  joint. 
Downward  luxations  may  be  attended  by  injury  to  the  brachial 
plexus  since  this  displacement  decreases  the  space  between  the 
clavicle  and  the  first  rib,  and  the  prognosis  will  depend  on  the 
severity  of  the  plexus  involvement.  Old  unreduced  luxations  often 
show  a  remarkable  restoration  of  function  and  the  formation  of  a 
new  joint. 


^ 


(CHAPTER  V. 

FRA("rKHHS  OF  TlIK  8CAPULA. 

lurgical  Anatomy* — Tlie  fre«nluiii  of  niution  in  this  bone  and  the 
fact  that  it  is  alnK»st  entirely  surrounded  by  lieavy  nmseles^  account 
for  the  rarity  witli  wbieh  it  is  fraetured.  Some  portions  of  the 
seapyula  (spine  and  acromion  process)  are  subcutaneous  and  accord- 
ingly more  oft4?n  injured.  The  aeroraial  epiphysis  usually  joins 
l^the  remainder  of  the  bone  between  the  eighte»*ntb  ami  hvenfv-lifth 


^ 


F\g.   4d. 


Fig.  47. 


iigM,,    ii}  nud    il. — Wnlrail  and  di>riial   surfuci**  of  the  right  cUvielc,      A. 
V,f  Uormcold  proccM;  (?.,  Glenoid  eavity. 


^(*an»,  although  it  may  remain  ununited  throughout  life.  This 
[inditioo  haa  been  mistaken  for  fracture.  The  attachments  of  the 
Jeltoid  and  tnqiezius  tend  to  prevent  displacement  when  this 
[portion  of  the  bone  i«  broken.  The  attachment  of  these  muselea  and 
Jie  heavy  tibroua  tissue  surrounding  the  acromion  and  spine 
(plain  the  diftleulty  of  elii'iting  crepitus  in  the  presence  of  fracture 
in   thin   region.    When,   however,   these   structures  are   lacerated 
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fofficiently  to  allow  displaeenieut,  crepitus,  abnormal  mobility  aud 
deformity  are  recog:i]ized  without  difficully.  If  the  fracture  is 
interna]  to  the  acroiiiio-flavicular  articulation  we  have  a  condition 
crlONely  resembling  dislcK-ation  of  the  outer  end  of  the  clavicle. 

Fracture  of  the  cormoid  is  au  extremely  rare  oecurrenee.  It  has 
been  broken  as  tlie  result  of  muscular  action  due  to  the  pull  of  the 
short  head  of  the  biceps,  eoraea- brachials  and  pectoral  is  minor. 
Epiphyseal   sejmration   of  this   process   has   lK«en   known    to   occur 


Ftff,   48, — View  of  iht?  itttnif  Umt*  from  Ihe  ixillary  border.      Note  the  reUtloo  of  the 
coriicoia  and  a4:roniinl  procoHHea  \m  thtr  glenoid  cavity. 

prior  to  the  seventeenth  year,  at  which  time  ossification  makes  it 

continuous  with  the  rest  of  the  bone. 

Fracture  of  fhe  glemnd  mviiif  usually  results  from  violence 
transruittixl  through  the  h<^ad  of  tlic  humerus.  It  may  exist  as  a 
eomplieation  nf  fracture  or  dislocatiou  of  the  humeral  head, 
Frwrtnn^  of  tin-  niM-k  of  tin*  scapula  may  occur  from  similar  causes. 
Tht'  ihiiuicHi  and  best  protci'trfl  portion  of  the  bone  is  the  body. 
Fracture  rarely  occurs  in  this  rcfytion,  but  wiien  it  does  it  is  almost 
invariably  (lie  result  of  direct  vioh_*ucc.  Tfie  spring  of  the  ribs 
niipfHU'tiu^  till'  s<*apula  uudoubtedly  enables  it  to  withstand  greater 
violence,  hut  when  trauma  is  severe  w^e  may  have  fracture  of  the 
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|iin<1i*rlyiiig  ribs  as  well  as  of  the  body  of  tho  boue.  When  such  is 
tlie  rasi'.  tlic  mare  su[>erlieiHl  fra^iure  may  cojieeal  the  injury  to 
the  ribs.  Frariure  of  the  Jiody  is  iisimlly  transv<n*s*^  inflow  the 
spiiir,     (oinmimi^ioii  is  s*»mftimrs  observed  aud  in  rare  instances 


ire  of  ih«  nerk  of  xUv  acnpiili) 


fill*  lint?  of  fraetinv  may  eroas  the  spine.  Tlu^  attaehmeiits  of  the 
riifra^pinatilA.  mi bseapu hi ris,  serratus  maj^nus,  rlionihoid  and  teres 
ruu»eles  nre  Hueh  that  pronounet**!  t!is[)laeemeiit  rarely  oeeur«  and 
palpatiuti  iH  iliflieult. 
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Symptoms. — Loss  of  function,  and  pain  (which  is  increased  on 
motion)  are  always  present.  Deep  respiration  causes  suffering, 
though  the  rapid  shallow  breathing,  characteristic  of  fractures  of 
the  ribs,  is  absent.  The  body  of  the  scapula  may  be  grasped  as 
shown  in  Fig.  50  when  abnormal  mobility  and  crepitus  are 
elicited,  completing  the  list  of  symptoms. 

Fracture  of  the  acromion  process  produces  localized  pain,  tender- 
ness, and  soiiietiines  limited  mobility  and  crepitus.  The  symptoms 
vary  with  the  position  of  the  fracture  in  relation  to  the  acromio- 
clavicular articulation.  Fracture  of  the  acromion,  external  to  the 
acroraio-clavieular  joint,  produces  local  pain  and  tenderness. 
Crepitus  and  abnormal  mobility  may  be  present  on  manipulation, 
but  deformity  is  almost  uniformly  absent.  Fracture  of  the 
acromion  entering  the  articulation  gives  rise  to  symptoms 
closely  resembling  fracture  external  to  the  joint,  thoii|^  mo- 
tions of  the  shoulder  are  usually  more  painful.  Fracture  of  the 
acromion  internal  to  its  articulation  with  the  clavicle,  ia  aceom- 
[)anied  by  s\'mptoms  almost  identical  with  dislocation  of  the  outer 
end  of  the  clavicle,  especially  if  the  muscular  and  fibrous  attach- 
ments of  the  process  have  been  torn  sufficiently  to  allow  deformity. 
The  shoulder  drops  dow^nward,  forward  and  inward,  and  undue 
prominence  is  observed  at  the  outer  end  of  the  clavicle.  Palpation 
reveals  the  acromial  fragment  attached  to  the  outer  end  of  the 
collar  bone.  Abnormal  mobility  of  the  displaced  acromial  frag- 
ment is  present,  but  crepitus  is  absent  unless  the  fractured  surfaces 
have  remained  in  contact. 

Fracture  of  the  coracoid  gives  rise  to  localized  pain  and  tender- 
ness just  below  the  junction  of  the  middle  and  outer  thirds  of  the 
clavicle.  Displacement,  if  present,  is  very  slight  owing  to  the  fact 
that  the  rhomboid  and  trapezoid  ligaments  are  seldom  torn.  These 
litrameiits  securely  hold  the  fragment  in  position  against  the  actions 
of  the  attached  muscles.  The  tip  of  the  coracoid  may  be  palpated 
ii*  i>ressure  is  made  at  the  proper  point  below  the  clavicle.  It  is 
imi)()ssible,  however,  to  grasp  the  process  between  the  fingers,  and 
tor  tliis  reason  it  is  ditlieult  to  elicit  crepitus  and  abnormal  mobility. 

Fnirfuri  of  the  sunjiral  neck  of  the  scapula  gives  a  picture 
somewhat  reseiiil)ling  dislocation  of  the  shoulder,  although  the 
deformity  is  not  eharaeteristic  of  any  type  of  shoulder  luxation, 
ami  erei)itus  eaii  usually  he  elicited  by  manipulation.  Fracture  of 
the  irliMioid  cavity,  especially  a  fragment  from  the  anterior  edge. 
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is    a    fomplicatioo    sometimes    oeeurriug    in    disloeatious    of    the 
slioulder,  and  results  in  spontaneous  recurrence  of  deformity  fol- 

flowing  rt'dui'tiuiL     (Jrepitns  may,  or  may  not,  hi'  present. 

Diagnosis. — A  cunsideratiou  of  the  syniptoms  oeeurring  in  frac- 

I  lures  of  different  regions  of  the  seapula  should  render  the  diagnosis 
in  mast  rases  oasy.  Frat'tnre  of  the  acroniion  and  body  are  by  far 
the    most   common   injuries   seen    in    this    bone.     Fraeture   of   the 

I  fiurgieal  neek  may,  at  times,  fie  extremely  iliilienU  to  differentiate 
frora  dislocations  of  the  sliouhier  and  Frarlnres  of  tlie  ui^per  end  of 


Pig.    Mi — M«thiMl    t*t    friuipxusi    rhr    bmly    <it    Oii*    «riifiulii    Ut    d^ticct    lhi>    |>roacn4*«>    of 
f  fmritirv.      Thr-  Htiffcrft  of  the  righl  hatid  »ro  paUmlinis  Ihe  spine  of  the  Rcapuln. 

[tht»  humerus.  I>«*ep  palpation  of  the  axilla  may  th'teet  the  glenoid 
le&Ttty  moving  with  the  head  in  its  inward  displaeement.  Fraetures 
[of  Hie  j^lenoid  eavity.  sur^i<*al  neek  {ind  eoraeoid,  la^y  require  the 
rliiM,*  of  the  X-ray  before  tJiagiiosis  eau  be  estahlislHuL  The  fre- 
[qo^ney  with  which  radiography  reveals  unsuspected  conditions  in 
'and  about  the  sboulder  demonstrates  the  value  of  ihe  X-ray  as  a 
routine  measure  in  injuries  of  this  region.  The  difileulty  of 
diafnoniti  i^  greatly  increased  if  the  case  is  not  seen  for  twenty-four 
[or  forty-eight  hours  following  the  accident.  By  this  time  the 
tnwelliilg  and  tentJerness  have  so  increased  that  h\ss  is  learned 
ffruiii  inspection  or  palpation,  and  manipulation  of  the  parts  is 
rrioualy  objected  to  by  the  jmtient.     An  anesthetic  is  often  neces- 
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■My  to  deteniiine   tht:*   eomlition.    espeoially    if   the   X-ray   is   not 
available. 

Treatment. — Tlu*  tivaiment  niiist,  of  ueee^isity,  vary  with  the 
region  and  fun<*tio»  of  tlie  portion  of  the  l>one  injurtHl.  Fracture 
of  the  body  of  the  bone  calls  for  strapping  of  thi*  ehest  in  su<*h  a 
maaner  that  tlie  scapula  will  be  immobilized.  In  addition  the  arm 
should  be  fixed  to  the  side  of  the  ebest  by  a  swathe  or  adtlitional 
atrapping.  The  Velpean  bandage  may  be  used  to  athantage, 
especially  when  reinforred  with  starch  or  plaster  of  Paris.  Oppos- 
insT  snrfac^ps  of  skin  shonhl  Ix'  j^roteeted  by  tht*  inter] so^ition  of  some 


Fig,   51, — ObtiL|iN<    ^trflp|>ii\g    witli    ndliociive    plafitinr    lo    iuiraobilite    Ihe    fiody    of    the 

absorljent  material,  ♦sncb  ns  cotton.  In  fracture  of  the  acromial 
process,  especially  with  displacement,  Ihe  indications  in  treatment 
are  simihtr  to  those  of  fracture  of  the  clavicle.  A  Say  re's  dressingr, 
or  modihcation,  such  as  shown  on  page  24,  will  answer  the  purpose 
satisfactorily.  Additional  pressure  directly  over  the  fragment  may 
be  had  by  means  of  a  strap  uf  adhesive  and  pad  of  gauze  ai>pro- 
priately  placed.  In  fracture  of  the  eoraeoid  process  direct  immo- 
bilization of  the  fragment  is  hardly  possible,  yet  the  arm  should  be 
so  fixed  to  the  side  as  to  prevent  action  of  the  three  muscles  attached 
to  the  process.  The  intlieations  in  the  tn^atment  of  fractures  of 
the  surgical  neck  of  the  scapula  are  similar  to  those  of  fracture  of 
the  upt>er  end  of  the  humerus.  The  axillary  pad  and  plasler  of 
Paris  sbooldcr  cap  can,  as  a  rule,  be  so  applied  that  the  fragment 
is    held    in    proper    reduction.     (8et^    Fi^.    VA2    to    I4U.)      it    is 
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usually  unwise  to  allow  use  of  the  forearm  or  hand  in  fractures  of 
any  portion  of  the  scapula.  In  the  less  severe  conditions  the  arm 
should  at  least  be  carried  in  a  sling,  while  the  remainder  of  the 
upper  extremity  is  securely  immobilized. 

After-Treatment. — Union  will  usually  take  place  within  a  month. 
When  fracture  occurs  in  parts  of  the  scapula  which  are  subject  to 
considerable  strain,  such  as  the  neck  of  the  bone  or  the  acromion, 
internal  to  its  articulation  with  the  clavicle,  immobilization  should 
be  maintained  for  about  two  weeks  lontrer.  The  dressings  should 
be  carefully  inspected  daily  for  the  first  week  to  avoid  loosening 
and  slipping:.  If  irritation  of  the  skin  occurs  it  should  receive 
proper  attention. 

Prognosis. — Fractures  of  the  body  of  the  scapula  seldom  produce 
permanent  impairment  of  function.  Fractures  of  the  surgical 
neck,  and  of  the  acromion  with  displacement,  may  be  followed  by 
som(»  loss  of  function,  if  not  properly  reduced.  Perfect  function 
is  likclv  to  follow  fibrous  union  of  the  coracoid. 


(CHAPTER  VI. 

I)ISI.()(^\TIONS  OF  THE  SHOULDER. 

Surgical  Anatomy.  -The  pecMiliar  construction  of  the  shoulder 
joint,  its  \\u\v  range  of  motion  and  exposed  position,  result  in  its 
being  tlu^  most  common  site  of  dislocation  in  the  body. 

TIh'  articulation  is  typical  of  the  ball  and  socket  joint.  The 
!)oneH  enti'i-iiig  into  its  formation  are  the  head  of  the  humerus  and 
\\w  glenoid  cavity  of  the  scapula.  The  acromion  and  coracoid 
pn)eeHH<»H,  with  the  eoraco-aeromial  ligament  stretching  between 
them»  an*  not  eoiusidered  a  part  of  the  joint  proper,  yet  they  play 
an  ifn|M)rtant  part  in  preventing  upward  displacement  of  the 
liuineral  h^'ad.  Tii(»  wide  range  of  motion  possible  in  this  joint  is 
the  rcMult  of  the  disproportion  in  the  sizes  of  the  articular  surfaces 
of  I  lie  IninHTal  head  and  glenoid  cavity.  Extreme  mobility 
ren<h'fN  the  u|)per  extremity  more  serviceable  in  many  ways,  but 
nit  I  he  <»ther  hand  it  is  evident  that  this  type  of  joint  construction 
In  di'pi-ndcnt  almost  entirely  on  ligaments  and  muscles  for  its 
Nfiihilit  \ .  The  coraco-acromial  and  capsular  are  the  only  ligaments 
III'  hUf  t/ical  importance  in  the  shoulder  joint.  The  coraco-acromial 
h^ranicnl  arches  over  tlie  head  of  the  humerus,  filling  in  the  space 
helvvmi  flic  two  jn'occsses  and  serves  to  prevent  upward  displace- 
iiii'Mt  nf  the  humerus.  The  (*apsular  ligament  entirely  surrounds 
(he  iirliciijation,  being  attached  to  the  rim  of  the  glenoid  cavity 
|iihl  JMynnd  the  glenoid  ligament,  and  externally  to  the  anatomical 
Mci'li  oT  the  humerus.  This  ligament  is  nmch  too  lax  on  all  sides 
In  lu'cp  the  articular  surfaces  in  contact,  but  this  very  laxity  is 
MMiii'itiiN  In  allow  the  freedom  of  motion  which  this  joint  enjoys. 
A  |.iii  iiMM  nf  the  capsule  becomes  taut  only  when  the  arm  is  carried 
(,,  11,,  ,  shviiic  limit  nf  motion  in  a  given  direction.  (See  Figs. 
:, »  „,„(  ;,i  I  Some  portions  of  the  capsule  are  more  subject  to 
,,),„,,,  tliiiM  niheis.  and  acconlingly  we  find  such  parts  reinforced 
I,  MHi'..le  temlniis  or  thickenings  in  the  capsule  itself.  These 
ihi.  I-.  HMic't  lm\e  he.-n  given  special  luimes,  such  as  the  coraco- 
,,,,,„,  ,„|  ,,,  ihr  upper  part  of  the  joint,  and  the  ligaments  of  Flood 
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and  Schlemm  anteriorly.  The  transverse  hutneral  ligament  serves 
to  confine  the  loug  tendon  of  the  bleeps  within  tiie  hieipitnl  groove, 
and  the  glenoid  ligament  forms  a  margin  firoiind  the  glenoid  eavity, 
increasing  its  depth.  The  ligaments  surrounding  the  joint  prevent 
dislocation  by  limiting  the  range  of  motion^  while  the  muscles,  by 
their  tonicity,  actively  hold  the  articular  surfaces  in  apposition. 
The  deltoid  arising  from  the  clavicle^  acromion  and  spine  of  the 
scapula  keeps  the  humerus  well  up  in  place  against  the  under  sur- 
face of  t\u'  arcli  made  by  the  eoracoid*  eoraco-acroiriial  ligament 
end  acromion.     Paralysis  of  this  muscle  results  in  a  dropping  of 
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I^ir*  ^*2  und  Sa,  —  nmg^mmA  illuMtralinir  the  aetion  tfl  »hf>  oii|j!itil<»  In  cUfTcrout  poal 
Uoii*  of  th*'  iuiiit.  n  is  apparent  that  it  mufit  W  lax  «nmiich  on  till  NidpH  lu  (lIIow 
noiinn  *il  ihe>  hutiif*niH  In  ilifrfrpnt  dinM-tions  und  that  ith  functinn  U  to  limit  uimmn  «n<t 
not,  to  tu»ld  ihtt  lium^rnl   hc«d  firtstly  a^ninst  the  vElc^noid  cavity. 

llie  humerus  with  separation  of  the  articular  surfaces  in  the 
shoulder  joint.  The  tendon  of  the  long  head  of  the  biceps 
slrengtliens  the  upper  part  of  the  capsnh?»  kci^ps  thr  head  of  the 
huraenis  in  proper  apposition  with  the  glenoid  during  the  various 
movements  of  the  arm  and  prevents  the  h»>ad  from  being  pulled  too 
dosjely  upward  nntler  Hic  acnrnjioii.  The  action  of  the  coraco- 
braehialiH  is  similar  to  that  of  the  deltoid  in  holding  the  humerus 
up.  The  tendon  of  the  subs<^apulans  reinforces  the  capsule,  and 
in  the  anlerior  dislocations  is  not  infrequently  torn  when  this 
particular  portion  of  the  capsule  is  penetrated  by  the  head.  The 
ttadons  of  the  supraspinatus,  infraspinatus  and  teres  minor  rein- 
feree  the  capsule  and  uu\  in  maintain iog  the  proper  relations  of 
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the  articular  surfaces.  The  brachial  plexus  and  axillarj^  artery 
occupy  a  position  internal  to  the  head  as  they  descend  throiiprh  the 
axilla,  and  may  he  injured  in  dislocations  of  the  shoulder.  In  the 
forward  and  downward  types  of  luxation  direct  pressure  may  Ik^ 
njade  on  tliese  structures  by  the  humeral  head;  the  pulsating  axil- 
lary art«-ry  may  often  be  palpated  as  it  stretches  across  the  head  in 
Kubgh-noid  luxations.  The  injuri<»s  sustained  by  the  structures 
alKAit  tin*  joint  d«'pend  on  the  direction  taken  by  the  head  as  it 
leaves  the  glenoid  and  the  degree  of  violence  producing  the  luxa- 
tion. The  i>lanes  of  least  resistance  about  the  joint  lie  l)etween  the 
muscles  rather  than  throuirh  them,  though  naturally  the  greater  the 
violence  jiroducing  the  dislocation  the  greater  the  proliability  of  a 
mus<'Ie  beintr  i)enet rated  by  the  head.  The  subscapularis  is  the 
muscle   most    frequently   penetrated   in   this  manner. 

The  capsular  ligament  is  practically  always  torn  at  the  point 
where  the  head  leaves  the  glenoid  fossa  and,  since  the  common  dis- 
placements are  of  the  anterior  variety,  the  rent  will  usually  be 
foun<l  in  the  ant(»ro-inferior  portion  of  the  capsule.  A  few  cases 
of  anterior  luxation  without  injurj'  to  the  capsule  have  been 
reported  in  which  the  joint  was  previously  much  relaxed  and  the 
capsule  unusually  roomy.  Injury  to  the  capsule  is  not  infrequently 
accompanied  by  injury  to  the  tendons  which  overlie  and  reenforce  it 
and,  when  the  violence  produ<»ing  the  luxation  is  great,  there  may 
be  a  drstniftion  of  tendon  continuity. 

The  tniuma  causing  the  luxation  may  at  the  same  time  produce 
a  frarture  of  tiie  glenoid  cavity  or  of  the  upper  end  of  the  humerus. 
The  ant«'rior  rim  of  the  glenoid  may  be  broken  off  by  the  head  of 
tiie  humerus  us  the  artieular  surfaces  are  forced  past  each  other. 
Tin-  1i»';hI  and  tuberosities  may  suffer  a  variety  of  fractures  which 
are  so  (livers^  that  two  cnses  are  rarely  seen  alike.  The  greater 
tuberosity  is  sometimes  found  parted  from  the  shaft  and  displaced 
in  th.'  line  of  the  pull  of  the  muscles  attached  to  it.  This  frag- 
ment may  lie  in  the  gh-noid  cavity  where  it  offers  obstruction  to 
reduction.  Kra«tiires  of  the  surgical  neck,  with  or  without  dislo- 
cation of  the  shoulder,  are  more  constant  in  type  than  fractures  of 
tin-  anatomical  neck.  Fracture  of  the  anatomical  neck,  especially 
when  rom|»li«-ated  liy  dislocation,  is  sometimes  represented  by  a 
comminuted,  eruslied  condition  of  the  ui>per  end  of  the  humerus, 
in  whi.h  the  lines  of  fracture  ai'e  extremely  variable.  The  cap  of 
bon«-    represented    by    tin-    articular   surface    is   usually    less    com- 
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flBinuted  than  either  the  iiiiderlyiog  structure  or  the  tuberoHities. 
Fracture  of  the  upper  end  of  tlie  humerus  more  often  oeeurs 
in  those  eases  of  disloeation  wliieh  have  been  produced  l»y  diree! 


I 


^^^■■■H^^l 

^^ 

^!7^^^^^^^^^^^^HZ^^^^vr^^i^HB^^^^^^^I 

h 

G.,  glrnoid  cftTily;  U  11,.  hiuiiHrnl  lu*«tl;   /f,S..   himii^r-til  sluatl. 


Flff.   55. 


_         Flf*   fill.  —  [nlr»rOT4iconl  **r  niilx-lnviruUr  4i»ilfM<tiUntK      Tlf.,  fljivirJc;  T 

■lli|  J.*,  arrumtuii   lpr»*c<w»»;   rr  ,  «(^lr>niiid   cttvtty;    flM.,   tiiitmTMl  hMirl ;    //>' 

FICr  AT* — Inimdnvli'iitur  diivkjcMtiun   with  moiliTiitti  flrf«inni1y, 


Fliolefiee,  the  blow  haviuLr  been  siislairu'd  on  tht*  outrr  siih-  of  th 
Nhoiildrr  juMt   helow  tin-  aeroinion. 


r 

I  Separatioii  of  the  lesser  tiil>ero8!ly  has  been  noted  as  a  compli- 
veation  of  disToeation  of  the  shoulder,  though  it  is  much  rarer  than 
fraeture  of  tlie  ne!*ks  or  greiiter  tuberosity. 

Th<^  most   iiiiportrint  structures  which  may  be  injured  by   the 
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Fiff.  5», 


ii|[-   59. 


Flf.  58. — 9ube1e>Doid   dinlocatlon.     CI.,    clft^rle;    C.   eoraeoid    t^roc^at;    A.t   ncromlou 
proceM;   (?.,  sleiidid  envity;   JJ.ff.,  bumerBl  he»d;  H.S,,  htimerftl  ihiifi. 
Fig.  59.— Luxatio  weeta.     A  vAriMtion  of  Ih*  nubf^lrnoid  t>p«. 


Fig,   (JO. — ^dubiurcimiiAl   diKloritlion.     Thf- 


Fig.   61. 


S.H  pnifiinjiurd  of  th«  two  p<iftt«rkir  luu^ 
tiofiH.  B.H,  htuneml  head;  US.,  Immernl  sihAft^  A.,  acromioa  pro«««ti;  8^,  spin*  of 
itr.»|»ul)i. 

Fig.   f^l.— Sulj«piucHi«i  diHlm-'»ti4>n.      An  v^rtde^TfiliMn   of  tUr"  fitilmrriiini»l   (t|m?. 
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isplaced  head  are  the  brachial  plexus  and  axillary  artery  which 
lie  just  internal  to  it  in  the  axilla.  When  the  artery  is  torn  hemor- 
Thage  into  the  axilla  will  follow,  while  simple  pressure  on  the  vessel 

ill  only  tertiporarily  interfere  with  the  pulse  in  the  firm  heh)W. 

reKsure  on  the  brai*hinl  ptrxu??  uiay  result  in  partial  or  roniplolr 
lanHyKb  of  the  parts  supplied   hy   it.     The  t-xaet  nieehanistji   of 

jury  to  the  braehial  plexus  is  not  thoroughly  understood;  some 
writers  consider  it  a  rcHult  of  direct  pressure  on  the  nerves  by  the 
head  or  tieek  of  the  bone,  while  others  are  of  the  opiiiiou  that  the 
tretching  sustained  by  the  plexus  is  the  usual  taethod  of  injury, 
n  any  ease  this  corn  plication  is  forlunately  rare,  and  tlie  resultiuyr 
>aralysis  usually  transient.     There  is  little  doubt  that  the  plexus 

ay  be  injured  in  attempts  at  reduction,  especially  when  the  older 

Hhod  of  usinf,?  a  fnlenun  in  the  axilla  is  resorted  to.  Permanent 
ijjury  to  the  artery  is  seldom  set^ii ;  as  a  rule  we  may  look  for 

:thitig  more  than  a  temporary  suspension  of  circulation  below 
hk*  point  of  pressure,  during^  the  time  the  head  is  out.  When  the 
isloeation  is  allowed  to  reiuain  unreduced  for  a  few  weeks  tibrous 
issue  is  formed  about  the  head,  which  will  ultimately  make  a  new 
oeket,  and  in  many  instances  we  see  remarkable  resi oration  of 
11  net  ion.     The    nse fulness   of   the    joint,    however,    can    never    be 

poeted  to  approach  the  normal  under  such  circumstances. 

The  hend  of  the  humerus  may  pass  from  the  glenoid  in  ahnost  any 
lircctioUi  and  this  fact  has  given  rise  to  a  variety  of  classifications 

hieh  in  many  instances  have  but  served  to  confuse  rather  than 

pip  us  to  a  clearer  understanding  of  the  subject.  The  simplest 
lasHiification  will  be  used  here: 

^  -  ^  Subeoracoid 

Forward  U»  i   i     -     i  *  •  i  \ 

rbuhclavicnlar  (or  nitracoracojd) 


r  Downward 
Backward 
Upward 


/Subglenoid 

Hlubglenoid  erect  (Luxatio  crecta) 


Upward 


ISu 


Subacromial 
bspinmis 

(very  rare) 


By  far  the  most  frequent  dislocation  of  the  shoulder  is  forward, 
id  of  thr  two  subvarietiea  the  subeoracoid  is  much  more  common. 
lie  Ruhfrlenoid  is  next  in  order  of  frequency;  while  the  erect  type 

more  uncommon  than  either  of  the  po*itcnor  varieties. 


i 
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In  thi*  suhiofntaitl  fffpi  the  head  lies  bt^low  tlie  coraeoid  process, 
liHving  e8<.*apeil  tfirougli  th*^  aiitrra-iufenor  portion  of  the  capsule. 
TJie  liin*  to  he  drawn  hetwifii  this  luxation  and  the  suhelavieiilar 
v;jriety  is  puivly  artitirinl  and  arbitrary.  If  more  than  threc*- 
fniirths  of  the  Iniiisverse  diameter  of  the  humeral  liea*!  lie  internal 
to  the  eorneoit!  the  luxation  ik  known  as  siihelavieular,  ^lore  or 
h'Hs   inward   rotation   of  tin*   hurrurns  is   present.     The   tendon   of 


Fig,  C2.— *>iilJinpd   X-ray  of   n   l*iw  Mil»or>rfteoid  dklDcatioti  of   ^h^nllde^, 

tlie  suhseapnlaris  is  not  infrequently  torn,  and  in  rare  instanees 
injury  oiay  1h*  sustained  l>y  the  supraspinatus.  infraspinatus  or 
ti'res  mUHtdes,  Tearing  of  the  coraeodiumeral  ligaments  praetieally 
never  oeeurs  in  this  type  of  luxation.  The  head  of  the  bone  often 
lies  on  the  anterior  e<lcre  of  the  glenoid  eavity. 

In  the  stthihiriruhir  ttjpe  the  head  eontinues  inward,  elears  the 
eoraeoid  proeess  and  risejs  to  a  slightly  hijjhcT  level.  The  tearing 
of  the  ea]>sular  It^^anieid  is  usnalty  more  severe  than  in  tlie  suh- 
<*ora4*oid  form  and  rnptnre  of  the  tendons  inserted  into  the  upper 
end  uf  the  humerus  is  more  common.     The  eoraeoduimeral  liga- 
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meut  is  often  exteiishvly  torn  niul  ni*eordiiigly  Kocher's  rnetlind 
of  ivilui'tiojt  will  fiiil. 

fiubglnioiil  luxafwns. — In  the  typieal  sut»irleiujid  ilisloeation  thi: 
head  of  the  Itone  lies  below  the  glenoid  cavity.  There  is  no  hard 
and  fast  line  to  he  drawn  between  the  sid><"oraeoid  and  suhjiJ:lenoid 
varieties,  since  in  praetice  we  find  the  hearl  may  occupy  a  position 
anywhere  along"  the  anienor  rim  of  llie  !4h*noitl  eavity. 

lo  the  frcit  iijpf  of  sidujh  Hoid  hLralion  ( liixatio  ereeta  )  the  heatl 
hen  below  the  glenoid  but  tfie  iirni  is  iit  a  jiosition  of  exlreiue 
fthdnetioii. 

In  the  sulmt  romial  type  the  hi-ad  ol'  I  fie  hone  iies  behind  the 
glenoid  cavity  just  under  eover  of  the  neroinion.  The  rent  i.s  in 
the  posterior  portion  of  the  eapsule.  The  Ineeps  tendon  rnny  he 
torn  out  of  its  groove  and  the  bellies  or  tendons  of  the  museles 
inserted  into  the  greater  tnherosity  (espeeially  the  infrasjnnatus) 
may  be  extensively  torn.  <  V>rji[)lieating  fra<*luiv  of  tlje  greater 
tuberosity  is  more  eomuion  in  this  type  of  luxation  than  in  tfie 
subeoraeoid  form.  The  tendon  of  the  subseapularis  may  be  torn 
from  its  inst'rtion  into  the  lesser  tnl>ero.sity. 

The  aitbainnmm  form  is  an  exaggeration  of  the  suhaeromiab  in 
vvfneh  the  head  eontinucs  in  its  backward  eourse  till  it  lies  in  the 
iiifras|)inouK  fossa  jnst  below  the  spine  of  the  seapula.  The  vio- 
lellce  prodiieing  this  form  is  great  and  it  is  usually  only  a  short 
time  following  (he  aeeidi*nt  until  tlie  surrounding  tissues  mul  skin 
eovering  the  head  ajv  tilled  with  ecThyniotie  hlood.  Injury  to 
surrounding  museles  and  lign merits  is  usually  more  extensive  thnn 
in  the  suhaeroirdal   ty]ie. 

The  Hpwartl  variety  is  only  possible  when  Ilk*  aeromion  has  been 
fractured,  and  is  so  extreiuely  rare  that  it  might  better  Ite  eon-sid- 
ered  a  fiurgieal  enriosity* 

There  is  no  hard  ami  fast  line  to  be  drawn  between  the  subeorn- 
eoid  ami  sul>glenoi*i  varieties  si  nee  in  praetiee  we  tind  the  humeral 
head  timy  cu-eupy  positiofis  at  ditTerent  levels  anywhere  along  the 
anterior  rim  of  the  irlen'^id  eavity.  This  fact  is  flemonstrate<l 
\*y  the  aeeompanying  plit>togrHphs  and  H'tntgenograms.  In  like 
manner    the   subeoraeoid    luxation    nu*rges    into   the    subrlavieular 

Etiology.- -This  is  the  most  eomruori  dishnatioti  in  the  entire 
iMidy,  h  neeurs  most  freLpiently  in  adult  life  and  n-snlts  from 
variouit  types  of  trmuna  applied  to  I  be  shoidder.     The  most  eom- 
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mm  fom  of  luxation  is  xtsnMv  produced  by  violence  applied  to 
the  Moulder  when  the  arm  is  in  extreme  alidiictioiL 

SlyvptQllll. — Imtiii^lintely  following  tlii'  arr'Nlint  the  patient 
suffers  apTere,  ainite,  natisentiiig  pain  which  is  inen-ased  by  motion 
of  the  aff^ttnl  shoulder  Loj^s  of  function  is  produced  by  the 
inhibitory  effect  of  pain,  by  the  reflex  spasm  iif  thi-  ninsctes  and  hy 


I  _  .1  |(»ui  111  ^iiIm  uruiald  dl&In<ratiot)  of  lt*fi  shoulilpr.  Notf  the  Ajittened  shoul 
i|pr  HP  »M(*'*  •»'*'*l  '')  ''^'''  »*^'"*v  '**  rhanite  in  the  n\i&  oi  lh<*  hunipru»  adiI  the  lower 
IHI  «»t  0»«'  ♦i^ilUry  U*\t{,  Itiii*  picture  is  quite  typiojil  of  the  ^ubcorncoid  form  of  luxa- 
iKill  U  w'l^ll  ^^'  lunUni  Ihiit  Ihc  pAtient  mnkot  no  ani'tnpt  to  {support  lb«?  injured  member 
IM  it  wlwiMt^iily  4«ii«  in  fmruirea  of   ihf  rU\k*l«  or  htimerus.  fA|iccially  the  latter. 

titi*  nMMlhHnieiil  dmtiirhanoe  in  the  joint.  If  the  luxation  is  allowed 
to  «!*»  unoorrroltMl  the  first  luo  i-onditions  ^'row  gradually  less  while 
!he  lin*l  linnied  persists  and  results  in  perinaiit^nt  disability.  The 
MaliiiH'  of  the  detortnity  will  depend  on  tlie  type  of  luxation, 

111  iht*  suhiortuoid  riin*ti/  there  is  a  flattening  of  the  shoulder 
whleh  wh»'ii  pnljmliHl,  an  shown  in  Fig,  65,  allows  the  examining 
llnw^'t't*  h^  P»*NH  inward  under  the  aeroniion  process.  The  upper 
i.nd  of  tlh^  humerus  is  diHjdaeed  iuw^ard  and  the  axis  of  the  arm 
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Fiy,  «*4,^ — SimpU-  Kubcorncoid  fiialocntitm  of  l«ft  «hnu1dHr  pri'ventin.ff  ihp  anuftl 
sytnpiom*;  Aiitlpniiniir  ttf  ^hf  shouldeT,  ehiniK*  in  axis  of  urin  and  lowering  af  (h« 
•KitUry   fold. 


*erl4cnt   uid 


dfprrK?*i(ui     1>*'luw     the    ahoulfler*     N(He     bow,     with    modpratp 
k    ill    Mow    th*^    ttcromion.      Phatogri|ih    taken    juii    After    the 
prinr  In  ri«<luetioij   by  Kocher's  melliod. 


d 
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FRACTFRES   ANB   DISLOCATIONS 


In  altered.  This  i^haii^e  in  the  axis  of  tin*  humerus  may  he  recog- 
riizHl  at  a  jirlBDee.  Tht*  huiin*nil  hvntl  rt\sts  lieiicath  tht*  tip  of  th«* 
eorac'oiri  [jroeess  and  cR*tnipies  a  slightly  lower  position  tiiau  normal. 
Ijimf^rin^  of  the  humerus  as  a  whole  lowers  the  attaehment  of  the 
peeteu'alifs  major  aiid  aeeordingly  the  anterior  axillary  fold  will  he 
lower  on  thr  injured  side.  An  abnormal  prorninenee  will  he  noted 
below  the  iMjraeoid  wliere  the  liea<l  has  found  its  new  resting 
plaee.     1'lii"  i*lhn\v  si'ldorij  lies  in  i^onlaet  with  the  side  of  the  ehest 


Flff.   67. 


Vilfs,  no  imd  <57  — LHtn-mi  nnd  iinlfn*tr  viewi^  »tf  a  ffiihrornt'oid  luxAtion  of  right 
«houlder.  11ii»  ^lioukler  haty  bi>c>n  di!»l!uc»tvd  «^i|fht  tliii^'i*,  Mie  first  hixatlon  bvinc  •Imut 
tfM  .v(*arN  «,(£<>.  TIm?  imjiiiiH'r  in  whkh  fUe  fibres  of  thv  delluid  pass  in  Rlraifnt  Un«« 
fnmi  tllifi  ikrromiuii  in  tlit»ir  iiiHcrtiiui  indicate*  the  ab»p|jc«  of  the  head  of  Ih*  numeniA 
fr*>tn  i\u-  iilcnoid  cttvlty,  lt*Hly<tit(H  ap^'ompUiihed  by  KocheKi  method  with  tile  patient 
ill    tht'    Hitthiir   tio^Hiun. 

and  ?iny  attempt  at  atldurtion  will  rnet't  with  r'esistaiiee  aud  eause 
additional  pain.  Abduction  will  In-inj?  out  the  lines  of  the  already 
prominent  aeromiou,  aeeeutuait^  the  flattening'  of  the  shoulder  and 
is  lint  j^preially  iu*otluetive  of  resiwtaner  and  pain.  It  is  dilTteult 
to  plaee  Ihe  Imriii  of  the  injured  side  on  the  opposite  shoulder  and 
uhi'U  this  has  hei^n  aeeoni[»lishiMl  it  will  hi*  found  impossible  to  keep 
the  elhiiw  in  etndaet  with  the  ehest.  Tliis  syrn|>tom  is  eharaeter- 
istie  of  anb  rior  luxations  and  is  the  n^sult  of  the  head  bein^  '"off 
eenler/'  A  simple  tlumgh  unneeessary  test  is  to  jdaee  a  ruler  on 
the  outer  sitie  cd*  \\iv  nvm  :  it  will  bt*  uotet!  that  the  rider  eaii  be 
phiet  fl  in  e)mtii«'t  wtfh  the  aerouuou  and  external  epicondyle  sitnul- 
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Klu.   nw. 


Jf^if.   70. 


f    ftiiil    70, — Anothrr    nuhcortieoid    dLslocntian    of    I  ho    shautdtT    prcntfiittUK:    Uir 
%•  -nun.      In    thU  enhis   iUr   hi'4»«l    of   Ihc   ImiinpruB   orcupi*-)!    n   slitrhUy    tower   i»o»t- 

(1^1,    .,.  ,  r.    In    tii<     jvi...K    *Lmu.,    1, 11    tiii     1.1  i  ....line    rnK<*i,     Th«    slijflii    {\..ii..i.i    -li.-l.. 

mtmrnUi  imL'     The  rluintfit    hi   tho   Ini 

l*iMf)lr  ftjld    <l«tl    "(U'ltttld    lUlJ^'lo  '     ;ii 

proiMvou     ..    . ^.  V ,,.,..,,.. ,...    Uixiition,      Thin   is   flm»   to    Ju.  .    ,:.* 

Mi4  #f  tb^  h^um  *•  tower  und  tbo  dttlocktlati  iwBum«A  Alighllj'   the  chftrtcterisUc*  vi   Die 
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FRACTURES   AND    DISLOCATIONS 


Fig-   71. --A  11    iinteriur   dislot^Biion   of    ihf   sljouldir    uVmiui    hulf  wny    between   Ihe  *ub 
caruraid    uiul    aubRtf^iioidi    ty|>^».      Compiire   tliii   cnHt^    wkh    thoM*    Bhowti    to    Flf«,    (K9,    64, 

67.    T5  »nd  77. 


Fig.   72. 


Fif.  73, 


Fig».  72  and  73,— Anterior  dielocation  of  the  right  shoulder  with  the  head  oceu- 
pjinf  a  Hlighlly  lower  pouiUo'n  than  lh»t  sepn  in  th«  preceding:  cm*  <Fig,  71).  Thit 
cftse  miiclit  properly  be  lertiied  &  high  jsubj^leuoid  luxatioa.  The  «nipty  ^knoid  ii  W(41 
indicRted  by  the  istraiifht  lines  of  the  doUoidI  miiiiclci  and  the  prominence  of  tho  cora- 
caid  pTOpes«  wUli  lU  altaehed  niusclce.  l*he  thmnib  pre«i«d  into  the  «hoii1der  lies  di- 
rectly abovi?  thtfi  displaci^d  head.  Note  how  closely  this  cuae  rtteciljlpfi  the  t^-pical  mb- 
gleooid  luxation  shown  iu  Fig.  77, 
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taneously,  whidi  is  impossible  in  the  noniml  shoulder.  The  head 
of  the  hone  may  be  palpated  in  its  new  position  in  the  axilla. 
Slight  abduetioii  of  the  arm  facilitates  this  portion  of  the  exaiti- 
iimtioih  The  head  may  also  be  palpated  through  the  deltoid  and 
pectoral  is  inajor  as  sliowu  in  Fig.  68. 

The  patient's  attitude  is  ebaraeteristie.     In  standing  the  body 

I  is  inrliued  slightly   forward  anti  toward  the  injured  side.     This 

pasition  is  assumed  so  the  displai't'd  hunu^ral  axis  may  be  brooglit 

more  n**arly  to  the  vertieaL     There  is  very  seldora  any  attempt 

made  to  support  the  injured  meird>er  but  instead  it  hangs  limp  from 


Fif,  74. 


FIc  74.--9ub«Ii»n«id  dlMWcAUon  of  ri|cUl  slitjn1clt*r.  The*  hrttil  nf  thr  hninpruR  llip« 
P  Wfiv  Ih*"  tfnlpMUnifr  Hmri-r.  Wliilr  ttl^i^'ltif?  tlu*  »h;4re  struck  a  nn-k  nml  the  hiskudleis  of 
I  lti»   tfti|*1f*mct)t    wrrr    rrin>wij    violrnii>'    ujtwtird    nud    ihf^   riir^l  »houtder   dislocated. 

Fig;  1'k — Saiiw  Ka^t\  T\\v  \wml  uf  ihe  hunurrua  lieci  between  the  two  iadex  Qugarg, 
[  Thm  lifttr.liUl  {dfAisM  mid  piUHiitinK  iixiUnry  »ri«r>'  can  be  fell  i»lr«tched  &cro«s  the  nesd 
I  hy  ihv  Autrrs  palimiinfc  in  i\w  iixiUti, 


jllits  Hhoulder.  In  the  sitting  position  the  arm  is  rested  on  some 
f convenient  object  such  as  a  table,  or  the  arm  of  a  chair.  In  the 
[lyjiiital  subeoraeoid  luxation  the  elbow  is  elose  to,  but  not  in  eontaet 
[witli,  the  side.  Wlien  the  bead  uecupies  a  lower  position  on  the 
r  anterior  rim  of  the  glenoid  abduction  of  the  arm  will  be  more  pro- 
tin  tinced. 

In  the  subclavicular  or  intracoracoid  type  the  shoulder  is  flalter 
[and  the  prorainenee  below  the  clavicle,  eaused  by  the  bead»  is  nearer 
jtbt!  median  lini».  Aft**r  the  h(*ad  clears  the  earaeoid  in  its  inward 
[rourse  it  risi^  to  a  higher  level,  and  thus  the  whole  humerus 
lcN5CUpieA  a  higher  position  than  that  seen  in  the  subcoraeoid  type. 


I 
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FRACTURES   AND   DISLOCATIONS 


The  level  of  the  aiiti^rior  axillary  fold  is  variable.  The  deformity 
ilepeiids  somewhat  on  the  eom|jleteiies9  of  rupture  of  the  eoraco- 
humeral  Iia:auient.  If  this  ligament  is  eoinpletely  ruptured  the 
arm  is  usually  elosely  applied  to  the  ehest  walh  If  it  is  ouly 
partially  ruptured  ahtluetioi*  of  the  arm  amy  he  pronouuee<l  even 
to  the  extent  of  being  held  iu  a  nearly  horizontal  position.  It  may 
be  possible  to  palpate  the  t-mpty  glenoid  eavity*  The  anu  usually 
shows  more  or  Jess  shortening  which  is  accentuated  by  abdnetion. 
When  the  coraco*humeral  ligament  is  eompletely  ruptured  the 
head  uiay  oeenpy  an  unusually  low  position  beneath   ihe  rlaviele. 


Fiff.   76. — Sume  fttne  iitttc    In 
side  by  fetrtp  of  ndhuniTe  eneitiliog  itj 


Arm    bundai^fJ    liiid    fix»d    lu 


In  the  sulHfltnmd  rarktij  the  humeral  head  rests  on  the  long 
head  of  the  trieeps  below^  the  (^denoid  eavity,  tluiugh  this  position 
is  occupied  only  in  the  most  pronounced  casr^s.  All  the  symptoms 
noted  io  the  subcoraeoid  type  are  present  in  exaggerated  form  in 
the  subglenoid  variety.  The  arm  is  lengthened,  tlie  axillary  fold 
much  lowered,  the  axis  of  the  humerus  pronouncedly  altered  and 
abduetion  of  the  arm  is  a  jnximinent  symptom.  The  lowering  of 
the  [lumerus  is  greater  in  this  form  than  in  any  otiu^r  type  of  luxa- 
tion oeeurring  at  the  shoulder  joint.  The  outer  side  of  the  arm 
forms  an  angle  (''deltoid  angle'')  with  the  insertion  of  tlie  deltoid 
as  the  apex.  This  angle  is  the  result  of  abiluetiou  and  indieateii 
the  low  position  of  the  head. 


StSliOCATlONST 


mERHOlTLDER 


iT^U.  77,^A  typW'ii)  iiiitig:fenitid  fliNloeiiLiMn  of  tb«  h-U  mlumlder.  FlMtUTimi:  of  \hv 
d*T,  Inwrring  af  rtic  nxillary  fold  a  ml  rhiingf  in  the  huiu^rnl  Ax\h  «r«  murh  mtirc 
^  >urici>r1  ihun  in  the  Jiuhrornroid  tvp»*.  In  the  subeoriicoid  type  the  outer  Murfiicp  of 
■^inii  )♦  ApproKtmiitcly  n  Mrnii^ht  Vine  hut  in  this  rn^e  it  will  he  nr>(«l  that  n  diMtimM 
*nfl#  lA  fitrinpil  whirJi  far  coiiv*»nit*ni'*!  has  h^fti  itTined  tUf  "deltoid  unirJp.  "  Tlit'  Rr'«'x 
(4  ihi*  ttfiirlr  in  indiniti^d  hy  thp  iirrow  Thi*  upp^r  nrni  of  lhi«  anBl**  rxt^ndji  to  tin* 
MTfrtnion  whilr-  tlm  lower  mtiu  t'lclendu  to  Ihf*  <*)ct*TniRl  epiimndvlfv  The  lower  llvi-  |jn't*i 
(bn  oo«-iiplcid  lijr  tUt"!  hiiulfd   hvad   thi*  more   prontninecd   will   this   sirijjle   hr. 


FiK.    78. 

1^*1,    7*  — TypicttI   4iihKleiiDiil   dtHh^^Tiiioii  of   U'fl    ^hlluld^.•^. 

Kif.    19. — -Attilwde  a»(iuriied  h>    \Ki\ifH\  Miore  it   ie»  acrompanied  h^  IiMjb  pain  thnn  »»y 
Tbia  ailitudft  i»  »oi  ?Mp4i'ciuUy  uncoinmon  in  subfflenoid  luxations. 
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FRACTURES   AND   DISUICATIONS 


Compare  tho  el  initial  appeariiiife  of  I  he  eases  shown  in  the  accom- 
pany iujjr  illust rations,  Fip:.  77  shows  a  typica!  siiliglenoid  luxa- 
tion. Pig.  72  shows  a  higher  form  while  Fig.  69  sliows  what 
might  be  termed  a  low  siibi^oraeoid. 


Fif,  79. 


t]f    U«nst    dihcnmtoTt  liimilur   to  one  ncen    lu 


V'iir.    81.' — Anotl^ioT    vir-w   of    juilh^m    >>i.*wti    in    Fijr,    SO. 


Ill   (he   (reel   tifp*^  of  suhgh  uffid   itLroftoti    (liixatio   ereeta^    the 
shoulder  is  dislocated  while  the  arm  iia  in  extreme  abduction  and  the 
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head  comes  to  rest  at  the  low^^st  possible  pointy  bf  iiig  in  some  cases 
even  caught  under  the  long  head  of  the  triceps.  The  attitude  is 
characteristic ;  the  arm  is  raised  ami  the  hand  usually  rests  on  the 


l^f.  S2, — l/UTfttiOi  t'TcelH,  Pnliftn  wn^,  iiit  hy  n  tftiitj  mui  suvtinrn*!  numerrjus  in 
jaricA,  »mo»i;  tht^m  tht*  one  ^howti  1i«?re.  KxliTisirtn  in  Thf*  jiltfrn)  Hxi«  of  ^\^f  «rm  nn4 
direct  j^riHMare  on  !h*»  htsiil  areomtjIUhcd  reduction  without  difTliul|>  Two  diiys  luler 
"  I  iM  A  rc^alt  of  AAKOt'iiit^  injurii'H  itikd  Lrnmediuiely  fullowint;  (Ifiitli  th«* 
reproduced,  tlie  upper  exlrrniily  p|jir*'d  iii  the  name  pot*iliofi  nn  wWn 
wwmimfmm  ^^^  pliotoirrnph  (ukMii,  It  w«j»  not  fcni^iliilp  in  {ak**  a  pietnri'  wlien  Ihp 
fVlp  nrnt  te^n  bul  th^  posilhiit  kind  iippe^iirunrf  ut  iUt*  cxtroinity  u«  rUowh  here 
«f»  lti«  t*itt«  ««  ^JtiBlrd   imnie*l«iiii»l>    ftdlowJiiK  tin?   arridrni 


89.^AncHlier  vltw  of  pAtieiiC   ihowa   in 


top  of  the  head.     The  patient  is  unable  to  adduet  the  arm  and  the 
head  may  be  seen  as  well  as  felt  in  the  axilla.    The  eonditinn  is 
really  a  subglenoid  luxation  hut  the  appearance  of  the  patient  is 
I  quite  different  from  the  usual  subglenoid. 


i 


FKACTURES    AND   DISLOCATIONS 

111  the  suhacnrfnuil  fjijn  the  lirnd  lies  behind  the  glenoid,  havings 
lnvn  driven  neross  its  jiosterior  lip.  Tlu*  anterior  portion  of  the 
aniituiriieal  neek  rests  on  the  |i08terior  edge  of  the  glenoid  and  the 
artienhir  siirfoee  hxikn  into  the  iiifrasjinKnis  Tossa.  A  iiroinirifnce 
will  be  noted  on  the  posterior  ai^peet  of  tlie  shoulder  wliiU*  anti^riorly 
the  shoulder  will  be  flattened  and  the  acromion  prominent.  The 
arm  is  usually  shortened  and  more  or  le^  fixed  witli  thr  rlbow 
fnrwHrd.      (See  Figs,  84  and  S'>. ' 


i 


\fk^.  «**. 


ktg,   65. 


Fij?,  84, — FD»t«Hur  dittlnmiinn  of  right  «hou1clcr  Tho  liuincritl  lietid  (^roit^riint:  mt 
!h»  poftterior  ttisi«ct  of  thi»  •houIikT  Id  pUinl^  vUtblo*  Note  *Hor«#iiin|t  of  umi  und 
ehanj?e  in   »-\i»- 

Fiy,  86. — PalpMlimi  of  diKplnn^l  ln-nd.  Itn  jMiKJlion  ift  mitliiie^l  by  Oie  iwu  tnd«*Ji 
fln^rs  and  thumliii. 

The  suhspinous  type  is  simply  an  exaggt^ration  of  the  preeeding. 
The  head  m  drivi*n  further  baekward  on  the  posterior  snrfaee  of 
the  seapula  till  it  eoines  to  rest  urid**r  the  spine  of  tlie  bone.  This 
form  is  very  nire  and  is  usually  the  result  of  great  viulenee.  The 
symptoms  of  the  mihspinous  type  are  those  of  the  subacromial  in 
pronouneed  form.  The  arm  is  shortened,  mod«^rately  abducted, 
rotalinl  inward  and  tlie  elbow  on  a  plane  anterior  to  the  cheat.  The 
trauma  of  tlie  liead  plowing  through  the  tissu.es  causes  more  or  lesB 
extravasation  of  lilond  and  it  is  usually  only  a  short  time  following 
tlie  accident  until  the  skin  <*ovcring  th«?  head  of  the  bone  tK^eomes 
ecchymotic.     The   further  the    head   passes   backward   under   the 
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tti$-  *»(i  —  AiinUur    View   Qt   xUv 


r^l    Htul    85, 


f       i^'l       r<uiiptrlr      ilVv»lNiott      of      Iht*      iii|P|iiM       i-\1 1  rtriU.v.        <'ii^»'      Irjn  1 1  (r<i      U- 

in  Hcime  *xt«MU  til**  vii-aki'ist  |M>int»  in   lht»  vtiriouK  ^irurturits  wliali   lu^Ifl 

r|i«»r      Cnpsul**   lorn    r!i**iril,v    frnm    tln'    iiiiTttomit'iit    neck   **5ti;*>pi    ovrr    tin* 

wIkt*!    11    trittrtifulrtr    pW>rv    willi    ii    lj(i»»*    rmuj*!;    to    the    lin'mlth    «f    (ki* 

Mitit   rlir<v  qu*rt*«rM  «f   sti    inch   to   flu"   sijirx.      Supra-    m\4    infra-ttpinrttMns 

Ik    i*\n\    from    Ttu*    f Mt,f.r»>*itv    r»nd    R*.'nl*?j*    of    hon**    corrpftpunding    frt    lh»» 

'  '  '  '  '      '  ,  i.      Tenduii   «if   ttrf*  minor   tttrn    tinro*»   fthmil 

Itn  n   rlciinlv    fr«ni   l*»R«i'r   IiiImtohUv,      SukiII 

'\   in   (hi*  f>xfr>rn»]  bkrptlal   ridiif#>,   !jirj?p  shrpfl 

'  o.    uMoiiH    iMi.M   (nr!i**«   lonifi    remain*^   attnchi-d    to   hunuTij^. 

-    dor«i    iiirn    rlts^nly     frotn    hnm«»ruH.      I^orijir    hentJ    of    bioi«pR 

m1  torn   n  hi\\f^  liclow   (hp  point  at  which  the  tendon  join*  the 

vtii    ifi.  n^^    of     the    eofrto**  brftchifciifl    remains    nHBdii**d     to    Ihe    hMm*»nift 

Ijrar     Itirouifh     iuu!»ciihir     li^^tn^).      I^onir    or    iniddU'     hfjid     of     tricppti     tiirn 

)|vr<lriw    f^tnfoT?,     lit    ah*nii    U'Vel    of    the    Kurtciral    ],ork.      Mt>dii«n     ini*i    iibi»r 

'  ^vicftl   n(*ck,      Deltoid    torn   loo**-    from   ctavicuhir    and   Hcnpnlnr 

nf    till*   portion    urifiiniT  from   the   Hcromion.      Th<»    acromion    it 

'    f  hr«*r  qitnrtiTs    of    iin    inch    from    \ho    tip,    ihp    friiginf-nl    rt*- 

'        rtion   of   d*?Uoid    torn    cipanlv    from    hnmcruH   Icuv- 

Compoiind  comminuted   fr  act  ore  of   r«idiii»    und 

I  kni,      (Tho    wxiat    wiw    reduced    h4»for»«    (htt    picUirs 

Injury  ««iU'^tHm«'*l  m   C'MUrifufn)  wringer  m  laundry.      The  pntitnii  rc<*ovi»ri«d. 


i 
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FRACTURES   AND   DISLOCATIONS 


spine  of  the  scapula  the  more  liable  the  arm  is  to  be  fixed  in  its 
new  axis* 

In  the  extremely  rare  upward  hixation  the  arm  is  shortened,  the 
acromion  fractured  and  the  anterior  axillary  fold  raised.  The 
head  of  the  bone  may  be  felt  as  a  prominence  at  the  point  of  the 
shoulder  and  crepitus  is  present  if  the  fragment  of  the  acromion  is 
manipulated. 


Flff.  68. — Exsmple  of  r  Bnbcorscoid  di>1o«ation  in  a  fleshy  womiin.  Hie  ajnnplomB 
in  ob«M  p«rsotLfl  are  BOiiit<iwb»t  obAcurod  bv  tHi»  adipcse  Uuue  and  fh»  condition  has  not 
infrequently  been  overlooked  under  the«e  cireura»t4inceH,  II  ttte  eiit«  in  carefully  in- 
tp€!Cted«  hDwe^rer^  there  ihould  be  no  re'n»on  for  failure  in  diagnoitii. 

'  Diagnosis. — There  h  a  good  deal  of  difference  in  the  deformities 
of  the  different  types  of  luxation  occurring  at  the  shoulder  yet 
each  is  characteristic  iu  its  way,  and  if  the  surgeon  is  acquainted 
with  the  appearance  of  these  deformities  there  should  seldom  be 
any  difficulty  in  recognizing  the  condition.  There  is  a  nice  pro- 
portion existing  between  the  viirious  Kymptoms  in  an  ordinary  sub- 
coraeoid  or  subglenoid  luxation  and  it  is  of  value  for  the  surgeon 
to  recognize  this  fact.  A  given  amount  of  flattening  of  the 
shoulder  usually  goes  with  a  certain  degree  of  change  in  the 
humeral  axis  and  lowering  of  the  axillary  fold.  This  relation 
between  the  different  objective  symptoms  can  be^t  be  appreciated 
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by  cotnpariiijr  the  aeeotiipanyinK  illustratioiis.  (Figs.  B\i  to  77.) 
These  syrtiptoms  bear  an  almost  constant  relation  to  each  other  in 
simple  luxations,  but  this  relation  is  frequently  disturbed  when 
fracture  is  present.  In  Fig.  ?Jf)  flatteninji;  of  the  shoulder  is  shown 
without  any  ehange  in  the  axis  of  the  hnrnerns.  The  condition  is 
one  of  fraeture  of  the  anatoniieal  iieeU  with  disloeation  of  the  head 


lloii.  Tli*^  patient  i*.  ♦'\rfftf,iv**lv  hwuvv  ye)  rhp  lAnUvtunf  of  Hip  hhouHci*,  ch»ii|fH  in 
liiifnfrTiil  nttff  Mod  loWfTJnjr  of  tW  jiJiillnry  fold  are  emftiiriomly  pronounrerl  to  reeoffnti- 
|li4»  rondiuoii   hy   ini»proiioii   olonp, 

of  Uie  bone.  In  Figs,  117  and  IIS  the  ehaiige  in  tlie  axis  of  the 
humerua  is  apparent  but  there  m  no  fattening  of  the  shoulder. 
The  condition  is  one  of  fraeture  (if  the  surgieal  tieek. 

Nfarly  all  the  objective  symptoms  are  k^ss  pronouneed,  in  fleshy* 
peraoim,  yet  this  fact  should  be  no  excuse  for  failure  to  eliagnose 
th«  condition  when  (uwent.  (See  Figs.  HS  and  S9,  i  In  hixa- 
tiorm  of  the  shoulder  the  patient  seldom  makes  any  atteuipt  to 
fiiipport.  the  injureil  nieud>er  with  the  opposite  hand  but  allows  the 
upprr  c»xtremity  to  hang  limp  at  the  side  with  a  slight  inrHnalion 
of  Uw»  trunk  forward  and  to  the  same  side,  in  the  exeeptional 
CMea  in  which  he  does  support  the  arm  the  act  is  casual  and  he 
will  nsiiidly  releasi*  it  if  rei|uested.  This  is  rpiite  rlifrerent  from 
the  attitude  assumed  by  the  patient  in  the  pn  si^nee  of  fraeture  of 
the  humerus.     He  will  then  grasp  and  support  tlie  injured  member 
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with  tile  greatest  eare  and  anxiety,  and  can  seldom  be  induced  to 
release  it  when  in  the  standing  or  sitting  position. 

The  diagnosis  niust  be  made  on  the  symptoms,  and  relief  afforded 
the  pati(*rit  at  onee.  The  X-ray  is  therefore  seldom  of  value  except 
in  verifying  rediietion  and  in  the  exclusion  of  complicating  frac- 
tures, after  the  head  has  been  returned  to  the  glenoid  cavity. 

Treatment. — In  all  forms  of  luxation  the  indications  are  to 
return  the  liead  to  the  glenoid  cavity  at  the  earliest  possible 
moment  and  to  maintain  the  parts  at  rest  until  the  torn  ligaments 
are  liealed.  The*  methods  of  reduction  vary  with  the  type  of 
luxation. 

Tkf  subrdracnid  hixathn  is  best  rcduad  by  what  is  known  as 
Kocher's  methoil,  which  consists  of  three  steps  and  is  as  follows: 
AVith  i\w  patient  seated  in  a  straight,  armless  chair  the  surgeon 
grasps  the  elbow  with  his  opposite  hand.  The  elbow  is  then  held 
firmly  against  the  side  while  the  free  hand  secures  the  wrist,  brings 
the  forearm  to  a  right  angle  and  then  carries  it  outward  away  from 
the  median  plane.  This  produces  outward  rotation  of  the  humerus 
and  opens  the  rent  in  the  capsule.     (See  Fig.  91.) 

The  second  st(»p  in  th(»  manipulation  consists  in  gently  forcing 
tlie  elliow  foi-ward  and  inward  across  the  chest  while  the  patient *s 
hand  is  maintained  in  a  relatively  stationary  position.  (See  Pig. 
!)2.)  Kesistance  is  Ik'h*  often  encountered  and  should  be  met  by 
an  insistent  springin<r  motion  in  the  direction  indicated  by  the 
arrow  in  Fig.  1)4.  It  is  during  this  second  step  that  the  head  of 
th<»  luinirrus  usually  slips  back  into  the  socket  with  a  distinct  snap. 
When  Koeiier's  method  fails  it  is  usually  due  to  the  fact  that  the 
surtreon  is  not  maintaining  outward  rotation  of  the  arm  during 
th<^  time  the  elbow  is  being  brought  forward  across  the  chest.  In 
otlhT  words  the  eonimon  fault  is  in  allowing  the  hand  to  come 
forward  and  inward  at  the  same  time  that  the  elbow  is  being  carried 
aei'oss  the  clirst.  If  reduction  is  not  accomplished  during  the 
second  step  the  head  is  almost  sure  to  remain  displaced  during  the 
third,  nnd  the  wholi'  nunii])ulation  will  liave  to  be  repeated. 

Thr  third  stej)  consists  in  carrying  the  liand  to  the  opposite 
shoulder  l)ut  is  not  an  essential  part  of  the  manipulation.  Figs. 
!M,  1)2  and  1):}  not  only  demonstrate  the  proper  steps  and  positions  of 
the  upper  extremity  in  ]>erf(>rming  Kocher's  method  but  actually 
sliow  the  reduction  of  a  suhcoracoid  luxation  done  before  the 
camera.     A   study   of  tJH.'se   [>lates  will    give  the  reader  a  better 
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t>i»ffK»uiilriiliofi   i>f   Kii^iiher'«i   m('tli<>tl  uti   n   cune  of  subitirnrfjul   (li^lm^titioii   of  ihi?   righl 
nMvT      f'n>«r    iirMifnttHl    U*t    ttratmi«nt    iuimHinJetj^     following    tlio    iiccident    wilh    ihe 

^i|>4M»nine««  of   riuie  wftfr  lifi«jf  Niri|ii}rd  to   wuJMt  to  fiioiUUiie  esAminiiliuii 

fif.  91. — l^ir«t   »t«p   in  KoehiVi.   ro^tlH^l.     lY««tl   i*  utill  <iUpl«c^   n«   evidenced  by 
ntrnir  nf  tti«  ftliouldvr. 

-^^♦ro«d   nii'p   in    Kochi^r'M  nirtHfn!.      (Sf^  »i?x», )      Noln   th«i   rounded  contour 
thr  h»»«d   lui*i  JuM  bc*"ii   reluriiii'd  t-i*  the  plcimid. 
-llliird  Bt«*iJ>  of  Kurhi'r'N  uipthud.      H»nd   tn  riirri«»d   to  o|)pu6it«*  Midtt  of  rtienL 
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idea  of  thi*  manipulation  tlmo  could  W  roiiveyed  by  pages  of 
text. 

MaBv  surgeons  prefer  the  reeumbent  position  in  performing 
Koelier^s  inetliod  and  in  soni<*  resptu'ts  it  is  more  eonv*?nient. 

Not  infrequently  the  patient  binders  tbe  siirgeou  by  a  sort  of 
squirming  motion  in  whieh  be  arches  tbe  body  toward  the  injured 
shoubler  and  may  *'Vt*ij  slide  ofT  Ibt*  table  away  from  the  operator. 
This  uiay  be  avoi^led  by  jmssing  a  largr  towel  or  sheet  about  the 
ehest  and  LiMd(\r  the  disloeated  shoulder.     The  ends  lie  in  front 


Fig*  &4.--Thi»  plutcy  shows  llie  eflM-ntinl  action  in  Korhpr's  met  hail,  T\w  pntiiimt^Ji 
«11h*w  should  lie  cnrriiHi  in  ihn  dirtM'lion  indirftH?d  by  iirraw  CD.  while  ihp  point  J.,  r*^- 
iii«[iii»  fttationarj'  *>^  '^  carru-d  sliRhtly  awnjr  from  tb^  inedinn  plane.  Re4i«tance  is 
ufliiAlly  eneounteri^d  titid  should  Im  met  by  au  inbislent,  epringini^  motion  in  the  direction 
tndirnt«!id  h>  thp  arrow.  If  thit  head  of  iho  humaruB  does  tiot  return  to  the  Kot-ket  dur- 
ing ihiK  Btage  of  the  uianlpuUtiota  Kotsher's  method  will  pruhably  btivc  to  be  rep4^ated 
from  tbe  begin ningr.  Wbrn  tbo  copsuLe  hais  been  »<>  extensively  tijrn  tbal  no  reaistance 
is  encountered  In  carrying  tbe  elbow  inward  Kocher'»  niftbod  will  prove  ua«tlea8  iind 
reduction  will  Hovi*  to  be  arconiplished  by  boriionlal  Irjtrrion  and  dirucl  pressure  with 
the  finger  ttpH  on  the  headi  of  thu  humeru.*«. 


of  and  behind  the  opposite  shoulder  and  are  used  by  an  assistant 
in  sti'inlying  the  patient.  If  a  slit  be  made  in  a  folded  sheet  mh\ 
the  injnrfd  arm  passed  through  it  we  will  have  an  efficient  means 
of  steadying  the  patient  and  preventing  motion  of  the  scapula. 

Tf  Ko€»her's  method  is  properly  employed  it  should  be  possible, 
in  the  usual  uncomplicated  subeoraeoid  luxation,  to  accomplish 
reduction  at  the  tirst  attempt  and  without  the  aid  of  an  anesthetic. 


DISLOCATIONS  OP   THE   SHOLTLDER 


69 


The  effieieney  of  Kocher's  method  depends  on  the  integrity  of  the 
capsule,  especially  that  portion  known  as  the  eoraco- humeral  liga- 
ment^ and  when  this  has  been  extensively  torn  the  following  method 
will  generally  sneeeed* 

Horuonial  extension  and  manipulation. — Raise  the  arm  laterally 
until  it  reaches  the  level  of  the  shoulder,  grasp  the  humerus  just 
above  the  ell:»ow  and  exereise  traetioii  while  an  as-sistant  holds  the 
patient  atout  the  chest.  Place  the  opposite  hand  in  the  axilla, 
make  gentle  pres.sure  on  the  head  with  the  finger  tips  in  the  direc- 
tion of  the  socket  and  the  luxation  will  be  reduced  provided  the 
capsule  aud  coraeo-humeral  ligament  are  extensively  torn.  The 
lower  the  head  rests  on  the  anterior  rim  of  the  glenoid  the  greater 
the  probability  of  this  method  succeeding  after  Kochcr's  method 
has  failed.  A  slight  rotary  rriotioti  of  the  humerus  on  its  axi^ 
during  traction  will  sometimes  facilitate  replacement.  This  method 
will  sometimes  etfect  reduction  wlien  a  displaced  tendon  of  the 
biceps  or  detached  tuberosity  has  caused  Kochcr's  method  to  fail. 

Stimson's  method  is  effective  though  not  extensively  used.  It 
requires  a  certain  amount  of  apparatus  and  time  for  its  accomplish- 
ment. The  patient  is  plact*d  on  a  canvas  cot  and  the  arm  passed 
through  a  slit  previously  made  in  the  canvas.  A  weight  of  about 
ten  pounds  is  attached  to  tfn»  wrist.  Stimson  claims  an  average 
of  alK>ut  six  minutes  for  reduction,  during  which  lime  tlie  patient 
is  fairly  comfortable.  This  method  may  be  tried  as  a  last  resort 
before  operating  in  otherwise  irreducible  cases. 

ErtenMon  outirard  and  dmenward. — ^This  method  is  probably 
the  oldest  known  and  has  been  in  use  extensively  in  England  and 
America  up  to  recent  years.  Place  the  patient  m  a  recumbent 
position  aud  abduct  the  arm  until  it  occupies  hii  angle  of  about 
forty 'live  degrees  with  the  body;  then  make  traction  in  the  long 
axifi  of  the  humerus  while  the  body  is  secured  by  an  assistant.  The 
arm  may  be  rotated  during  traction.  It  has  lieen  customary  for 
years  to  supplement  the  above  by  placing  the  unbooted  heel  in  the 
axilla  as  a  fulcrum ;  when  this  was  done  additional  force  was  gained 
by  bringing  the  patient's  hand  toward  tht-  median  plane,  thus 
forcing  the  upper  end  of  the  lever  outward  toward  tlie  f^lenoid. 
The  uae  of  the  heel  or  any  other  hard  body  in  the  axilla  as  a  fulcrum 
lilt  Im^  too  strongly  contlcmnetl;  such  methods  should  be  dis- 
li  as  a  relic  of  barbarism  for  they  have  outlived  their  useful- 
No  prewiure  in  the  axilla  shnuld  be  used,  which  is  greater 
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than  can  be  exerted  by  the  finger  tips  of  the  surgeon,  and  even  then 
direct  pressure  on  the  nerves  or  vessels  should  be  avoided. 

Traction  outward  and  upward  is  practically  the  same  as  hori- 
zontal traction,  since  elevation  of  the  arm  above  the  horizontal  is 
accomplished  by  rotation  of  the  scapula  rather  than  by  alteration 
in  the  anatomical  relations  of  the  shoulder  joint. 

Great  force  was  advocated  by  some  of  tlie  older  writers.  Duplay 
employed  horizontal  traction  by  means  of  an  elaborate  system  of 
block  and  tackle,  dynamometer,  etc.  At  the  present  time  there  is 
no  ex(*use  for  the  employment  of  such  force.  Cases  which  do  not 
respond  to  tlie  less  violent  and  more  rational  methods  should  be 
treated  by  open  incision. 

Subfflcnoid  duilocations  of  the  shoulder  can  usually  be  reduced 
by  Kocher's  metliod  though  the  position  of  the  head  below  the 
glenoid  is  not  as  favorable  for  reduction  as  it  is  in  the  subcoracoid 
form.  The  lower  the  head  lies  on  the  anterior  rim  of  the  glenoid 
the  further  back  the  elbow  should  be  in  starting  the  manipulation. 
In  otlier  words,  the  lower  the  head  the  greater  the  importance  of 
the  first  step  in  Kocher's  method.  In  the  typical  subglenoid  luxa- 
tion (see  Fig.  77)  the  elbow  should  not  be  further  forward  than 
the  midaxillary  line  at  the  beginning  of  Kocher's  method.  During 
the  first  step  the  head  may  be  caused  to  ride  upward  on  the 
anterior  rim  of  the  glenoid  cavity.  The  condition  then  approaches 
the  subcoracoid  type  and  can  be  reduced  as  such.  (See  Figs.  91, 
92  and  9.'i.)  The  capsule  is  often  extensively  torn  in  the  low  sub- 
coracoid and  subglenoid  types  and  in  such  instances  the  head  may 
be  reduced  by  direct  nuiuipulation  with  extension  and  counter- 
extension. 

The  rrcct  form  of  the  suhgUnoid  is  extremely  rare  and  the  few^ 
ca^es  seen  by  the  author  have  been  easily  reduced  by  extension 
in  tlie  line  of  tlie  axis  of  the  displaced  arm  with  digital  pressure  on 
th(*  head. 

Subarromud  and  suh^ipinous  luxati-ons  are  usually  reduced  with- 
out difliculty  by  traction  in  the  axis  of  the  arm;  axial  rotation  and 
manipulation  may  soinetinu^s  be  necessary  in  addition  to  extension 
and  counter-extension.  The  posterior  forms  are  usually  accom- 
])anied  by  extensive  laceration  of  the  capsule,  and  hence  their  easy 
reduction. 

Following  reduction  the  X-ray  is  of  value  in  determining  the 
presence  of  fracture  and  the  position  of  the  head.     After  the  head 
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has  been  returned  to  the  glenoid  cavity  the  following  points  should 
be  noted  to  avoid  overlooking  complications.  Place  the  two  arms 
by  the  side  symmetrically  and  inspect  the  case  from  a  point  a  few 
feet  in  front  of  the  patient  and  again  from  the  side.  This  is 
for  the  puri)Ose  of  recognizing  deformity.  The  distance  between 
the  acromion  and  external  ei)icondyle  should  be  carefully  measured 
and  compared  with  the  uninjured  side.  If  tlie  distance  is  lessened 
it  usually  means  complicating  fracture  of  the  humerus.  If  it  is 
increased  it  commonly  indicates  that  the  head  is  not  properly 
seated  in  the  glenoid  cavity.  The  anterior  aspect  of  the  two 
shoulders  should  be  carefully  compared;  any  undue  prominence 
on  the  injured  side  suggests  fracture  of  the  upper  end  of  the 
humerus  or  the  interi)osition  of  some  obstructing  tissue  between 
the  head  of  the  humerus  and  the  glenoid.  Undue  prominence  on 
the  anterior  aspect  of  the  shoulder  and  shortening  of  the  arm  are 
symj)toins  indicative  of  fracture  and  are  well  shown  in  Figs.  119, 
124  and  127. 

Compare  the  cases  of  fracture  of  the  upper  end  of  the  humerus 
with  the  eases  of  luxation  of  the  shoulder  in  the  accompanying 
illustrations.  Motion,  sensation,  the  condition  of  the  reflexes  and 
the  circulation  should  be  tested  in  the  injured  arm  before  and  after 
reduetion. 

The  treatment  of  luxations  of  the  shoulder  will  vary  according 
to  whether  or  not  complications  exist. 

In  simple  cases  the  arm  should  be  immobilized  for  a  period 
sufficiently  long  to  allow  proper  healing  of  the  ligaments  as 
indicated  in  the  after-treatment.     (See  page  79.) 

Displacement  of  the  long  head  of  the  biceps  from  its  groove  may 
s()metim<'s  1h^  corrected  by  raising  the  arm  well  forward,  even  above 
the  liorizontal  and  employing  axial  rotation.  This  com])lication, 
howev<'r,  rarely  occurs  without  fracture  of  the  greater  tuberosity, 
and  under  such  circumstances  the  tendon  and  fragment  are  best 
repbu-ed  and  held  in  i)osition  l)y  open  incision.  Complicating 
fracture  of  tlie  upper  end  of  the  humerus  usually  calls  for  opera- 
tive intervention  to  obtain  the  best  results. 

Operative  Treatment. — Operation  is  practically  never  called  for 
to  etT(»ct  reduction  of  simple  uncomplicated  cases.  It  is  often  indi- 
cated in  luxations  complicated  by  fracture,  in  injury  to  nerves 
aini  vessels,  in  old  unreduced  luxations,  in  habitual  luxations  and 
in  instances  in  which  the  dislocation  is  compound.     The  details  of 
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the  Operative  procedure  will  depend  largely  on  the  nature  of  the 
eompJieatioiK 

Fracture  of  the  surgical  neck  of  ike  humerm  complkating  luxa- 


Fir  05. 


B 

-McBun\ey'«  h4>(>k. 


tu^n  is  fortunately  a  rare  eoudition,  there  being  something  iike  150 
reported  eases.  The  older  met  hud  of  tnniting  this  double  eonditiori 
was  to  either  seenre  union  of  the  fracture  first  and  reduee  the  dislo- 


Fijr.  96. — Friicturt?  uf  th*s  iinalDniii  f»I  in?ck  of  the  humHnis  with  diftplncemcnt  of  ih* 
humerftj  head  bcneaMi  Ttie  ronicoirl  jprc^cesB,  The^  cotitiitian  reoetnblea  a  nilK'oricoid 
difilocfitloii  of  the  ^boulder  mi  raetunl  lusp^ctioD.  ThC'  l!lattenia|  uf  the  ahoulder  in  the 
BAiDfi  as  fl<?en  in  diKluratiouR  (and  properly  so  sulncc^  the  h««d  m  diapU<;ed)  but  it  wiU 
be  noted  that  the  mxiii  of  the  hunieriiH  remains  unrbnugcd  ftnd  the  Anterior  uxilUry  fcdd 
ii  not  lowered  to  tbc  Mttent  s^^cii  in  urjfotnplictttf-d  subcor»coid  dblocutions.  Moreover 
tbe  pBtient  giipport«  tbd  injurLHl  niember  with  thtf  uppo<file  hund,  which  in  uncommoti  in 
dlaJocHitionB  of  the  shoulder.  On  mnnipulHtini;  th*?  arm  diMincl  bony  orifpitua  U  t^lictted 
ftnd  ftn  abnornilil  bony  promt Drmce  is  noted  on  the  anterior  aspect  of  the  ahouTder. 
The  displfli^ed  bead  could  bo  felt  bich  in  the  nxilla.  An  Xr»y  plale  confirmed  tli«' 
di&^oftis  of  frftctnr«  uf  the  fmntomicnl  neck  with  subcoracoid  dUplacement  of  the  head. 
Twentj'four  hours  later  eccbymomU  apnpBrod  roverin^r  the  snteHor  portion  of  the  shoul- 
der, Cft*e  Wtt»  opoTBind  seven  dnvN  followin*;  the  injury.  The  displaeed  cap  of  bone 
was  pulled  back  otUo  the  upper  end  of  shaft  and  wired  in  poeilion.  Outer  and  upper 
portion  of  erealpr  tvibc*roHily  conE«iderablv  comminuted.  Bony  union  resulted  and  fane- 
tion  im  articulation  restored  thouj^h  exlri»me  abduction  remains  ^Vi^hUy  restricted.  Wir« 
remains    in    pine*?    at  the  i>r*iRent    time,    five  yeariK   later. 

Pholafraj>h  taken  about  fifteen  roinute*  following  the  accident  Fracture  produced 
by  fall  from  bicycle*  the  blow  b«ing  ^uHtained  on   the  outer  ai^p&ct  of  thi»  shoulder. 


^ 


DISLOCATIONS  OP   THE    SflOULDKR 


73 


cation  lator,  or  to  olitaiii  a  false  joint  at  the  acat  of  the  frat'iiuv, 
iiotli  iriitfiods  nni8t,  at  the  pi"eseiit  time,  be  considered  iiBSurgieal 
and  obsolete.  IMcBurney  was  the  first  to  deal  with  this  condition 
in  a  satiKfaetory  manner,  treating  tlie  fraeture  and  the  dish>eation 
at  the  HHiiie  fime  by  o[>en  ineision.  He  deviled  a  hook  (see  Fig.  1>5) 
by  means  of  wiiieh  he  was  able  to  irutniinilate  the  upper  fragment 
so  as  to  retnrii  the  liead  lo  the  gh'noid,  after  whieh  the  fragnientJ^i 
were  adjusted,  and  wired  or  not  as  thought  best.     The  end  of  the 


rig.  in. 


Vig.   98. 


Fif,  V7 — X'rajr  «f  ca^c  rIiowii  in  Viit^  VW  taken  Wfori?  c>iu»ration,  FraL'turi?  ot 
I  «ft«l«MnWl  ii«ck  with  diRpUrttniimt  nf  the  hoiid  intn  the  tkxWUi  Vi^oiM^utli  llu>  LM^racoid, 

Fl4f,  V»i^.— Sfttno  CUM'  ifcfter  opcrnliian.  Ileud  liasi  bi*»?n  rt-pUred  »n«!  KcTuri-d  in 
'  ptmition  with  a  Ioojj  «(  win*,  Perft'Cl  appoiiition  not  ptiw»ibl(r»  bcritiiiM*  of  t\iv>  irunhhig 
I  of  r^nrclUfui   tU«ijr'    in   titn   upp<*t'   ^nd    nf   tlu^  hon*^, 

|lHK*k  is  inserted  into  a  hole  of  proper  size  drilled  iJito  the  upper 
|f mginent,  the  neeessary  leverage  being  thus  seeiiretl.  In  fracture 
?/  the  anatnmical  neck  I'wbieb  is  even  more  unusual  than  fracture 
ft  the  Murgieal  neek)  the  Melinruey  hook  i^  of  little  service  in 
f*tlii(»in^  a  diHloeation  of  the  upi>er  fragment.  The  cap  of  bone 
fiuftt  b€'  handled  by  means  of  tenaeula  beeause  of  its  frialile,  can- 
^llous  ^struetnre,  and  if  rechietion  is  impossible  should  be  exeised. 
Very  s<*rvieeable  jointa  frequently  result  after  removal  of  the  head. 
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Fig/  09, — i^aiuf  ca^e  iifler  uptTotivi)   and  rv^uvrry       I'itiur^  Ukeu  ftUnit  eight  w«ffk« 
cfter  operjitmn. 


Fiff»,  lUU  and  lUl. — StereoKCopJp  view  of  n  romniinutfd  fmcture  of  ihr  ■oAtotnirat 
iirck  id  (he  huuK^rua  with  Aiibglenoid  dis^lm^nlion  of  the  hum**riil  hrnd.  The  nrrow  (loiot* 
lu  ihf  diApUct'd   head. 


DISLOCATTONS  OP  THE  SHOULDER 

When  the  head  ean  he  repkeed  it  is  often  found  necessary  to  senufe 
it  in  [xmition,  whieh  is  most  easily  Hfeonii*lislird  by  wire  (see  Fij?, 
t>8),  A  peeuliar  point  to  he  noted  hi^re  Ls  tliat  the  head  of  the 
hiimeriis  a1nio9<t  never  suffers  neerosLs,  even  though  the  upper  frag- 


Fif,   tn^, — Huhroraroid  itihloritllnn  ooinpliritlrd   Ut   rr»ctttrt  of  flifi  grcali'r  tnlMTmity. 
Fra^mftnt  di«plftrr<l.      Arrows  iioinl  to  finc^  of  fracture. 


ment  includes  only  tlie  artieular  surface;  and  it  is  here  that  one 
tnight  exp«*et  necrosis  since  the  upper  fragment  is  apparently 
cut  off  from  its  blood  supply* 

Either  of  the  iubiro^iiks  may  be  fractured  in  dislotati^tnH  of  the 
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shtiuhltr  nm\  \imy  Im'  <iisjiltif'<;il  in  tho  line  of  \ni\\  of  the  attaehed 
riiUJHrlcs,  Hi'piKsititm  by  o\*v\i  incision  nm\  fixation  by  means  of  a 
liKij>  of  Hilvor  wirt^  will  he  fuinid  most  satisfactory* 

'I'wo  mmlt'H  (if  ai>|>ronrli  *iiv  eni|)loyiMl.  oiip  iiioLsion  (the  external ) 
(laHHeN  tlinni^fli  Ihr  del  tend  on  the  outer  side  of  the  shoulder,  and 
the  iilUvr  {\hv  Hnteriorl  is  made  in  the  snleus  between  the  deltoid 
and  peetoraliH  major.  In  Timkin^  the  external  ineision  the  eireum- 
i\v\  nerve  rmiy  hi*  <Mjeonnlt*red  in  ihe  lo\vt*r  part  of  the  wonnd  and 
NhtMdd  be  avoidiMl.  In  thv  low  forma  of  the  siibeoraeoid  or  tin- 
Nnbkfleni»id  diwloealitMis  some  of  the  nerves  of  the  braehial  plexus 
or  v\'v\]  ll»e  axtlhii-y  artery  may  He  in  front  of  the  In^ad,  and  in 
mnkin^r  Ibe  anterior  ineision  the  sur^^ron  should  bp  on  the  lookout 
rcir  tliewe  strui'tures. 

hi  juries  to  the  hravhial  pit  jus  eall  for  opi^rative  intervention, 
bill  hrfijre  this  is  attempted  a  earefnl  neurologieal  examination 
NlMHild   br  luiidr  to  th^t^rmint'  as  arrnrntidy  as  possihb^  the  extent 


Fig.   ion. 


¥\gn,    lO!l   «ni)    1^14- — Two    viowp    of    cojitracturn    of    hand    foHowiitic    (lis1o<;Alion    of 
HliiMilrlur   wilh  Imjiiiry  to  hr»chlnJ  plexuH. 


of  I  hi*  (himnKf  and  the  n^irion  of  tin*  plrxus  injured.  It  should 
til*  renirnihrriMt  tfiat  tfio  uppi*r  part  of  the  plexuN  may  be  torn  by 
Ha*  poll  on  the  nerves  when  ihe  humerus  is  displaeed  downward. 
Notliinjf  in  nri  operative  way  is  indioated  in  instances  in  which  one 
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iiore  of  the  nerves  are  bniised  or  stretelied  but  when  laceration 
oceurs  the  ends  should  be  approxiniated  and  sntared  together.  The 
patient  should  lie  fully  appraised  of  llie  doubtfulness  of  the 
prognosis  under  such  eireiimstanees. 

Rupture  of  the  axiUury  artery  or  vein  with  the  development  of 
an  axillary  hematoma  (frequently  of  the  pulsating  type,  when  the 
artery  is  torn)  calls  for  immediate  operative  inter%^ention.  The 
arter>"  i«  temporarily  compressed  against  the  first  rib  to  control 
hemorrhage  and  an  incision  made  to  expose  the  vessel  in  the  region 
nf  the  injury.  Sutiire  of  the  injured  vessel  is  rarely  possible. 
Jjigation  will  be  indiealed. 

Old  luxations  of  the  shoiddtr  may  in  some  instances  be  reduced 
by  manipulation,  even  after  the  head  has  been  out  of  the  glenoid 
for  four  or  five  months,  though  the  longer  the  disloeation  has  existed 
the  less  the  chanee  of  reduction  without  open  incision  (see  Fig. 
105),  Great  force  should  not  be  used  in  attempting  to  reduce 
theiie  old  dislocations  because  of  the  liability  of  injury  to  vessels 
or  nerves  or  of  producing  fracture  of  the  humerus.  The  fibrous 
tissue  surrounding  the  head  may  iavolve  the  brachial  plexus  or 
axillary  artery,  and  wdien  the  head  is  forcibly  returned  to  the 
glenoid  these  structures  may  be  torn.  When  gentle  manipulation 
doe«  not  produce  the  desired  results  open  incision  should  be 
resorted  to.  The  anterior  incision  is  better  adapted  to  freeing  the 
head  from  the  iibrous  tissue  surrounding  it,  while  the  external 
incision  affords  better  access  to  the  glenoid  cavity  for  the  removal 
of  fibrous  tissue  which  m  frequently  tills  it>  After  the  parts  have 
bfH'n  cxp>osed,  the  head  liberated  and  the  glenoid  cavity  cleaned 
out  there  should  be  little  difficulty  experienced  in  returning  the 
h<!ad  to  its  normal  position.  Old  rents  in  the  capsule  should  be 
approximated  liy  suture  after  the  edges  have  been  scfiriJied.  When 
the  ineimon  enters  the  joint  the  divided  capsule  should  be  closed 
with  catgut  after  reduction  has  been  accomplished.  Provision  for 
thi»  i*seape  of  Mood  which  may  subsequently  ooze  into  the  wound 
ami  joint  should  be  made,  so  that  there  may  be  no  dead  spaces  to 
favor  infection.     (See  *M!)pcri  Treatin<*nt  of  Fractures,^*  page  754.) 

Recurrent  dislocations  sometimes  become  so  frequent  that  the 
iinpfulnesfi  of  the  arm  is  much  imj>aired,  and  the  only  relief  is 
through  operative  interv<*ntion,  which  couhisIs  in  repairing  the  rent 
ill  the  ca[»sule  and  in  plieating  the  same  when  nt'cessary. 

Compound  luxations  of  the  shoultkr  are  extremely  rare.     The 


I 


i-inr' 


RKS    AND    I»!J^LOr\TinNS 


ri»E*i,  lo.),  HH\  mil  1«j7. — ^^Thre*  vww^  of  au  old  >iiihri>rni  oid  diKl«>cMiikii  uf  l»»fl 
fdiould4«T  of  nenrly  ti\'v  monlhs'  KtAiidirij?  at  ttn^  time  Ihr  fdufti»)itrivjj1i»  wifre*  lak^'ti.  Thi» 
dblociaiiui  vin»  rt»du«'ed  nt  tht.»  firtt  uttf^tipt  bjr  nirniiK  uf  Kooher'*  mc'iUud  with  tb#* 
patient  in   thr  f«tnndinK'  pcwition,   whith   icoes   to  ibow   ibttt  castts  of  long  ^taudtng   are  Dot 
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^MftneDt  of  these  eon*]itioiKS  m  essentially  npi-rative  antl  should  be 
carried  out  aceordiiig  to  tlie  prinei[»l(*s  laid  down  in  tJu*  ehapter  on 
*'Tr€»atment   of   (^ompounti    Frm'tiires  and    Luxations,"   jjajyre  189, 


T*i  '^    tnkt*Tt    HuunH|ii(,r(»lv    fullnwitii?    rcdiii tion    of    Ihi*    M^vnH.v  ^^(lond    d^Rlo 

<•'  iit'w    \'-(t    '^U'tiiiAtT.       Yht*   nav  of    tij**  1f/t   nrni    ih   muib    iitipnired    ns   Ihe 
f*> )  iini;    uiciiiMHt   (li(«   poftitioitM    whirh    h^  hnti   le<trriei)    (mm   ^'x'pvH- 

i^ti>  -pliM'i»m*'n!,      The  {'otiililinn    ban   cxtemlod    over   a    poriijd    of 

■n*'  I    ..f   thf   flihtuHK'd    fuiif"tion    the   musrle*   of    the    left    nhoulder 

AIler-Treatmeut.— 1 11  tUv  uueomplk-ated  ease^  of  disloeation  of 
thr  shoultlrr  tlif  arm  should  he  jnujiohiiizi'tl  for  a  period  of  three 
weelcH.  but  under  no  eonHidei'ation  nhonlt]  we  fail  to  employ  passive 
tTintiofi  as  N!if>n  as  tire  at-ule  trauruatir  n^aetion  has  suhHided. 
Thi>*  will  usually  bi*  at  tJie  end  of  Mvf  or  six  <hiys.  The  arui  should 
bi!  f!x«»d  to  th(*  side  and  Ihe  forearm  t-arried  in  a  ^ling,  A  con- 
Vf'iiieiit  ni»»thod  is  to  sew  tlie  Mft^Vf  of  thi'  undi'rKhirl  to  the  body  of 
thf  garment.  This  prevents  the  arm  from  hetii^  earried  far 
rnotitfh  away  from  the  body  to  strain  tlu*  eapsule.  In  performing 
paMKiA'e  motion  tht^  surp^on  shouhl  avoiil  external  rotation  and 
rxtn*ine  abduetion  siiiee  the  former  tends  to  ojiea  the  rent  in  the 
C!ap8ii)e,  whllr  the  latter  eaiises  the  injured  portion  of  the  eapaule 
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to  be  stretched  across  the  head  of  the  bone.  The  duration  of  immo- 
bilization should  be  governed  by  the  extent  of  the  capsular  lacera- 
tion. Prolonged  immobilization  without  passive  motion  will  result 
in  more  or  less  permanent  loss  of  mobility,  while  on  the  other  hand, 
unrestricted  use  of  the  member  following  reduction  will  almost 
surely  be  followed  by  a  condition  of  recurrent  dislocation. 

When  fracture  complicates  dislocation  the  arm  should  be  immo- 
bilized as  in  simple  fracture  of  the  humerus,  from  four  to  six  weeks, 
until  union  takes  place.  Passive  motion  under  these  circumstances 
is  not  permissible  prior  to  union,  though  careful  massage  may  be 
begun  as  soon  as  the  traumatic  reaction  has  subsided.  If  it  is 
found  that  the  joint  is  much  restricted  in  its  motion  after  union  is 
firm  we  may  break  up  the  joint  adhesions  by  passive  motion,  using 
an  anesthetic  if  necessary.  This  should  not  be  attempted  inside  of 
two  months  following  the  injury,  and  only  then  when  the  X-ray 
shows  a  good  callus  at  the  seat  of  fracture.  (See  ** Treatment  of 
Fractures  of  the  Upper  End  of  the  Humerus,''  page  97.) 

Prognosis. — In  the  simple  unconi plicated  dislocation  (especially 
of  the  subcoracoid  type)  the  restoration  of  function  should  be 
practically  complete  provided  passive  motion  is  instituted  early 
and  the  patient  is  prevented  from  using  the  arm  before  the  liga- 
ments have  healed.  The  prognosis  is  rendered  worse  according  to 
the  presence  and  nature  of  complications,  /n  injury  to  the  axil- 
lary vessels  collateral  circulation  is  usually  established  if  the  mem- 
ber is  properly  cared  for.  Injury  to  the  brachial  plexus  or  some 
of  its  branches  is  not  exceptionally  rare  and  deserves  a  most  guarded 
prognosis.  It  is  true  that  injury  to  nerves  has  occurred  during 
reduction,  especially  in  cases  in  which  the  heel  has  been  used  as  a 
fulcrum  in  the  axilla,  but  on  the  other  hand  the  surgeon  not  infre- 
quently has  been  blamed  for  paralyses  which  were  produced  at 
the  time  of  the  accident  and  for  which  he  was  in  no  way  responsible. 
These  unfortunate  circumstances  demonstrate  the  value  of  exam- 
ining the  condition  of  the  reflexes  and  of  motion  and  sensation  in 
the  arm  before  any  attemj)t  at  reduction  is  made.  Pressure  on  the 
nerves  by  the  head  of  the  bone  is  usually  accompanied  by  transitory 
Kymi)toins  and  complete  recovery.  Laceration  of  the  nerves  is 
followed  by  permanent  paralyses  unless  the  nerve  ends  are  united. 
Operation  renders  the  prognosis  better,  though  recovery  is  usually 
firolonged  and  often  incomplete,  especially  if  the  condition  is  of 
long  standing  at  tlie  time  of  oi)eration.     In  old  unreduced  luxations 
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the  patient  sometimes  develops  surprisingly  good  use  of  the  arm 
as  years  go  on.  The  betterment  of  the  eondition  by  operation  is 
usually  quite  gratifying.  Most  recurrent  luxations  ean  be  com- 
pletely cured  by  operation.  Compound  luxations  are  usually  pro- 
duced only  by  great  trauma  and  the  prognosis  will  depend  on  the 
injury  sustained  by  the  surrounding  soft  tissues  and  the  subsequent 
development  of  infection.  The  i)rognosis  of  these  luxations  is 
grave  though  modern  operative  treatment  has  improved  the 
outlook  greatly. 


CHAPTER  VII. 

FRACTURES  OF  THE  UPPER  END  OF  THE  HUMERUS. 

Siirgical  Anatomy. — The  upper  end  of  the  humerus  is  deeply 
seated  and  extremely  difficult  of  palpation  unless  dislocated.  It 
will  be  noted  that  the  normal  lateral  prominence  of  the  shoulder 
is  due  to  the  head  of  the  humerus  beneath  the  deltoid  muscle,  and 
not  to  the  acromion.  The  upper  extremity  of  the  bone  is  composed 
of  cancellous  tissue,  as  shown  in  Fig.  110,  there  being  only  a  thin 
layer  of  compact  bone  on  the  surface.  The  manner  in  which  the 
compact  tissue  of  the  shaft  grows  rapidly  thinner  as  the  end  of  the 
bone  is  approached  is  well  shown  in  the  section  of  bone  just  referred 
to  in  Fi^.  110.  The  internal  structure  is  deserving  of  careful  study 
since  it  explains  some  of  the  deformities  and  the  variations  in  the 
types  of  fracture  occurring  at  different  levels.  In  addition  the 
surgeon  should  appreciate  the  internal  structure  as  well  as  the 
surface  form  in  performing  operations  for  the  direct  fixation  of 
fragments.  The  attachment  of  the  capsule  corresponds  to  the 
anatomical  neck  except  on  the  inner  aspect  of  the  bone  where  it  is 
attached  a  little  below  the  line  of  the  neck.  The  muscles  attached 
to  the  upper  end  of  the  bone  are  important  in  explaining  the  de- 
formities occurring  in  the  presence,  of  fracture.  The  muscles 
inserted  into  the  greater  tuberosity  are,  from  before  backward,  the 
supraspinatus,  infraspinatus  and  teres  minor.  These  three  muscles 
arise  from  the  supraspinous  fossa,  infraspinous  fossa  and  axillary 
border  of  the  scapula  respectively,  and  pass  in  almost  straight  lines 
to  their  insertions  into  the  greater  tuberosity.  These  muscles  when 
unopposed  by  the  weight  of  the  limb  and  the  muscles  inserted  into 
the  shaft,  tend  to  produce*  outward  rotation  and  abduction  of  the 
upper  fragment.  The  subscapularis  arises  from  the  subscapular 
fossa  and  passes  directly  to  its  insertion  into  the  lesser  tuberosity. 
When  unoj) posed  it  tends  to  produce  inward  rotation.  It  lies  to  the 
inner  side  of  the  joint  and  is  in  contact  with  the  capsule.  When 
the  shaft  is  separated  from  the  upper  end  of  the  bone  the  muscles 
attached   in   the   region   of  the   bicipital   groove   tend  to  produce 
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inward  displatH»ment  of  the  upper  end  of  the  lower  fragment. 
These  muscles  are  the  ]>eetorali8  major,  teres^  major  and  latissimiis 
dorsi: 

Fractures  of  the  upper  end  of  the  humerus  may  show  great  varia- 
tion, yet  in  most  instances  the  injury  will  conform  more  or  less 
accurately  to  one  or  more  of  thp  following  *ypp,s:  fraeture  of  the 


P 


109  — -Cpf *'f    end    wf   htiiiiiTiiK    iii    yimnc   >4ubjt»ri, 


Salv    iMMilioii   uf  cpiphyMol 


Fig.  HO. — i'uronA}  fir<*tlon  of  hum*'  lionp.  If..  uielAphyais.  Note  the  iDAnner  in 
«ltirli  tbi*  i|iaph)«t»  projects  into  Ihe  I'piphyt^b  bikI  the  relative  diatribitilun  of  ean- 
r«>tloaft  fiMiar. 

anatomical  neck,  fracture  of  the  tuberoRities,  fracture  of  the  surgi* 
cal  neck  and  separation  of  the  epiphysis. 

Frai  titn  of  tht  aHatttunral  ntck  oceurs  in  middle  aud  old  age  and 
is  usually  the  result  of  direct  violence.  The  line  of  fracture  seldom 
corres|ionds  exaetly  with  the  jimitomical  neck.  The  most  usual 
variations  of  fracture  of  the  anatomieal  neck  arc:  fraeture  of  the 
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nriatyiiiiral  neck  thruuptli  its  inner  half  or  two-thirds  (the  outer 
portion  of  the  fraetiire  bein^  so  placed  as  to  inehnle  the  greater 
tuberosity  with  the  upper  f rajoriiient ) , — splittiuja:  of  the  upper  end 
iif  tlie  bone  wilfi  fraeture  of  the  anatonxieal  neek  and  impaction  of 


FiiC.    Ill-  1i.  ril^ 
of  the  epii>hy.. 


r.Hii    <>\    -  Irmi  |i  j.  r'    nt    chiM    nine   yiitil'H    nf    Li 

:i  n  d  vol]  1 1* » I'  >.'   w  i  1 1 1    F  i «« .    1 0 1*   u  n  d    11 U. 
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the  head  into  and  between  the  tuberosities, — fracture  o£  the 
anatomic  neck  in  its  outer  half  with  a  portion  of  the  inner  side  of 
the  .shaft  altaehcd  to  the  upper  fragment.  The  line  of  fraeture 
very  rarely  follows  the  anatomical  neek  tliroughout,  but  when  it 
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does  the  upper  fra^ineiit  is  left  free  from  miiseular  and  ligamentous 
attach riieuts  and  is  as  likely  to  be  di«i>Uu'ed  in  one  direction  as 
another  Fraetun-  of  ihi*  auiilojfiieal  neck  is  usually  aceompauied 
by  more  or  less  enishiriji:  id'  the  internal  eaneellous  tissue  in  the 


¥\£     112  — Fnielui"'  (ii'ik     at     hnmenih.      Frarlure     in     Ihlji     r««i;iun 

fnUowi.    lilt!    iiiiJilunm  111    urt  k    (iiroTigb<Mit    Imt    inrliulf**    I  he    iiiJjM'r    poitiou    of    the 
kt«r  lubnr^wiljr    wUti   thv  \wm\,   ns  in   tiutt  ohm'. 


upper  end  of  the  bone  and  inipaetiou  ot  the  fragments  is  not  un- 
common. 

Fractures  of  ilu  tuherositks  as  isolated  injuries  are  extremely 
rare.  They  are  must  rommonly  as^iociated  with  disloeatioDs  of  the 
ahoiilder  and  may  occur  with  fracture  of  eitlier  the  anatomical  or 


86 


KRACTI'HES    AND   IHS1.0CATI0NS 


t 


surifif'al  uwk.  Aviilsicm  of  a  sralo  of  l>oii«*  fnnii  the  greater  tuber- 
o«ity  corre^spojidiiig  to  lYw  iiKsrrtions  of  one  or  itiore  of  the  attaelied 
umst'les  has  been  reported  in  a  few  ca»ei%  and  is  the  rei^ult  of  muscu- 
lar aetioii.  riidouhtedly  this  roiidition  has  existed  in  many  eases 
and  been  mistaken  for  a  '\sprain,''     Lsolated  fraeture  of  the  le-S8*-r 


Kis     H.I  — ^Frni'tiir*'  nT  Mirgii  nl    im  ■  I.   ^f  iKimerus.      (Sood   poNJliion  ol  fr»|froeii*8. 


tuberosity  is  even  inon-  rare  tlmti  fraeture  of  the  greater  tuberosity. 
It  is  known  to  have  been  avuised  by  overaetion  of  tlie  subscapularis. 
Fraeture  of  tlie  lesser  tuberosity  is  most  often  seen  as  a  complica- 
tion of  dislocations  of  tlie  sfioulder^  esj>eciaily  those  of  the  posterior 
variety.     The  fra^nnent   is  disjilaeed   fiy  the  pull  of  the  attached 
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muscle  and  usually  lies  in  the  axilla  iiilvroal   to  and  below  tlie 
head. 

Fractures  of  the  surgical  neck  are  niudi  more  common  injuries. 
The  flurgical  neek  is  that  portion  of  the  hone  hetwcen  tlie  epiphy- 
seal cartilage  and  the  innertions  of  tlie  peetoralk  and  teres  major. 
When  fracture  ueeiirs  in  this  region  the  lower  fragment  will  be 
displaced  inward  by  tht*  pull  uf  tlie  peetoralis  nuijor,  latissimus 
dorai  and  teres  major  and  o%'erriding  will  be  elfeeted  by  the  action 


h%r^ 


fijrn   <if    Ntirgirn)    neck    with    ctnvHiii^-raljIi'    oimimlikutian    Along;    Hine    of 


of  thi-  bieepg,  trieeps,  dritoid  and  coraeo-braeliialis.  The  upper 
fragment  will  be  controlled  by  the  uuiiieles  attached  to  the  tuberosi- 
lien  and  is  usually  displaced  forward  and  may  be  abducted  or 
addtic'ted.  The  lower  fragment  may  be  driven  upward  into  the 
upper  fragment,  or  the  serrated  surfaces  sufficiently  engaged  to 
imrtially  or  e4>mpletcly  oppose  the  displaeiug  action  of  these 
miDudes. 

Pronounced  inward  displacement  of  the  njiper  end  of  the  lower 
fragment  may  produce  injury  to  vessels  and  nerves.    The  lesions 
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will  In*  siniilar  to  tlii>s«'  n\rvm\y  nientioiUHl  as  o<x!aK  ion  ally  eonipH- 
eatiiif^  tliHkK'utions  of  the  Hlionlder, 

h'i*iphifsial  srparation  of  the  upper  t^'U*!  of  the  humerus  is  not 
nil  tirnujirimoii  Hwidont,  T!ie  uppi-r  epiphysis  of  the  Immerus  b 
oKKifinl  from  two  centers,  one  for  tho  head  and  one  for  the  greater 
fulu^roHity,  Otensiounlly  an  additioiuil  center  is  seen  for  the  lesser 
lliberoHity.  The  ossifie  eenter  for  the  head  is  i>reseiit  at  birth,  that 
fur  the  Kreativr  tulu'rosity  is  first  seen  during  the  third  year.  When 
the  h*KHer  lubi*rosily  is  ossilied  by  a  separate  center  it  is  usually 
not  n*'en  until  tlie  fifth  year.  The  bead  and  greater  tuberosity 
are  ruNi'd  at  the  sixth  year  so  tluit  the  epiphysis  is  one  pieee  of  bone. 


Kig,    llfj. — Frut'hjrt'   of   jiur^icul   neck   with    rli'formitv.      ('orumintitioit   of    upin-r    friigiiniint- 

Tbe  epiphysis  joins  the  shaft  at  about  the  twentieth  year.  Sep- 
aratioD  of  the  epiphysis  may  oeeur  at  any  time  prior  to  the  twentieth 
year,  but  is  most  eommonly  seen  from  the  ninth  to  the  seventeenth 
yearn.  The  position  of  the  epiphyseal  cartilage  is  well  shown  in 
Figs*  110  and  111.  It  will  be  noted  tlmt  the  eartibige  is  roughly 
horizontal  but  that  the  eenter  is  mueh  higher  than  the  margins. 
This  is  probably  due  to  tlie  faet  tfiat  the  epiphysis  is  ossified  from 
two  centern.  The  conical  eonfornmtion  of  the  end  of  the  diaphysis 
aecounts  for  the  fact  that  recurrence  of  deformity  is  seldom  seen 
following  reduction  of  an  epiphyseal  separation  in  this  region. 
The  joint  cavity  nmy  be  opened,  but  more  often  is  not.  When  the 
diaphysis  is   displaced   the  deformity   is  similar  to  that  seen  in 
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f fractures  of  the  surgiral  iiut'k;  tluit  is,  the  iij^per  end  of  the  Kliaft 
is  piilleJ  h 


•d  hy  the  aeti 


^f  the 


etoralis 


U 


I 


major, 
and  latissiiiius  dorsi  and  raised  hy  the  njuseles  of  the  arnu 

Etiology. — Fraeturea  of  the  ujiju'r  viid  of  the  humerus  are  the 
rt'Hult  of  direet  and  indirret  violence.  Fraeture  af  tlie  surgieal 
neck  is  the  most  common  hrenk  in  this  region.  FraL-tnre  of  the 
anatomical  neck  oeeurs  mostly  in  the  aged.  Epiphyseal  separations 
are  seen  only  in  chihlrcu  and  adol<\se<Mits.  Varitais  types  of  frac- 
ture of  the  upper  cut]  of  tlic  hiuiicriis  arc  iH'casionally  seen  as  com- 
plicationE  of  luxations  of  tfic  slioiddcr. 


Kif     lid, — TmnftVfrftf  Cructun"  of  ih%>  nuT^'ica\  nmk   wiOi   |n»tiioun<iMl   deformity 


Symptoms.— Ill c  symptoins  accompanying  frarlurr  oL"  the  upf>rr 
[rnd  of  thf  Innnerns  will  vary  according  to  the  nature  and  severity 
[of  Ihe  lesion.  !f  tire  fragnitoits  are  free  the  symplonis  will  usually 
ib<*  pronounced.  When  impaction  exists  the  symptoms  may  be  so 
[slight  at  first  that  tlie  patient  continui%s  to  use  the  part,  althougfi 
[then*  is  alvva>'s  more  or  less  pain  and  diseonifort.  Sv^dling  alH>nt 
[ihc  shoulder  is  almost  constant  and  an  abnormal  prominence 
ifiteriorly  («ee  Pigs.  119  nnd  124)  usually  aecompanii^  fractures 
tbi>«  reji^ion.  Function  is  completely  lost  in  unimt>aeted  cases 
[but  b  often  only  partially  so  when  the  fraguientH  an^  iiupactc<l. 
?nin  »  constant  though  the  degree  is  cpiite  variable.  It  is  always 
girvrn*  in  unim|»acted  <*ases.  Ecchymosis  usually  develops 
liii   twelve  to  tw^enty-four  hours  following  the   fraeture.     The 
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attitude  of  the  patient  is  usually  characteristic.  The  upper  part 
of  the  trunk  is  inclined  forward  and  toward  the  injured  side,  and 
the  injured  ami  is  supported  with  the  opposite  hand.     This  attitude 


Fig, 


yig.  n 


Figfi,  117  and  118. — Two  views  of  ri*et*nt  frftcluro  of  \\\e  KurifirMl  neck  of  th** 
liumLTU^.  Xol«  ibi-  iilinurtnal  ijromiui-iu'ii  on  the  (interior  aii(>ect  of  the  ahouldrr,  aUn 
{fhange  tu  nxi^  nf  hunif-ru*  wliu-li  ia  mM  w.rt^omniinied  hy  Mniteniog  of  lh«  i%h«ju1tler  as 
Men  in  dli(locQtion«.  Very  6lig;ht  sliortenini;  of  the  nnn  {>rei»ejit.  Xoie  liow  paiirnt 
grupA  the  injured  menih<^r  Mtth  o(»]ioKitv  huiid  (un  uiiitnde  Hr^ldom  sei*n  in  diiili»e»tio[i»  of 
thf)  shoulder },      Pirlure  Taken   aiKtui   half  an   hoMr   following   (he   areident. 


Fig,  IID. — Sauiii  c,if,K'  t»eio  Hi  llo-  reeuinbi-nl  poMihrn.  Note  tlini  ihe  nhooruml 
prom  ill  en  CO  on  ibe  anlerior  tispeot,  of  the  fthouldf^r  h  not  rhRn^ed  by  Uie  p'^t^^ut's  lytnff 
down. 

is  usually  not  assumed  in  isolated  fracture  of  one  of  the  tuberosities 

but  only  when  there  is  solution  of  continuity  in  the  humeral  shaft, 

In  fracture  of  ilw  anuiomical  neck  impaction  is  not  uncommon 

and  accordingly  the  symptoms  may  not  be  severe.     Pain  is  present 


an  mo\iDg  Ihe  shoulder.  Swelling  is  constant.  Abnormal  mobility 
will  be  present  unless  the  fraetiire  is  impacted  but  the  proximity  of 
the  shoulder  joint  to  the  point  of  false  motion  often  renders  the 
t*ondition  diffieult  of  reeognition.  Deformity  may  be  present  but 
is  much  less  eomrnon  than  is  the  ease  in  fracture  of  the  surgical 
neck,  Slight  flattening  of  Ihe  shoulder  may  be  noted  but  is  uncom- 
man.  The  humeral  neek  is  usually  thickened.  Alteration  in  the 
humeral  axis  may  be  apparent  in  the  uneommon  cases  in  which 
there  is  lateral  displacement  of  the  fragments. 

In  fracture  of  the  grr titer  tubrrosity  the  power  of  mi t ward  rota- 
tiott  will  be  diminished  and  motion  of  the  shouhh-r.  espt'cially  rotii- 


Vig,    I'iO^^X  riy   of 
of  baniCTut. 


shown   in   Fij^ft.   117,    11§   nml    119.      Frnctiirri   of   mn'rieikl 


I 


tioiK  will  be  attended  bv  pain,  Bwellinp:  is  variable.  Local  tender- 
ness is  constant.  By  applying  a  stethoscope  to  the  shoulder  and 
rotating  the  humenis  it  may  be  possible  to  detect  crepitus  which 
would  otherwise  escape  re<»ognition.  The  normal  joint  sounds  and 
those  occurring  in  arthritis  should  not  be  confused  with  true 
crepitus.  It  may  in  some  cases  be  possible  to  palpate  the  displaced 
fragment.  Ift  fracture  of  the  lesser  tulnrostty  the  power  of  internal 
rotation  will  be  lost  or  lessened  and  it  may  l>e  possible  to  palpate 
the  displaced  fragment  in  the  axilla,  below  and  to  the  inner  side  of 
the  humeral  neck. 
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In  frariurt  of  the  sHrgunl  nrck  the  symptoms  nn^  more  pro- 
noutjced  and  eonstant.  Iiiipaetion  is  rare,  proiiounceil  deformity  is 
the  rule.  The  upper  end  of  the  lower  frayrment  is  usually  displaced 
iir>wanl  forward  and  inward,  or  upward  ami  inward.  The  more 
pn»iioiM)eiMl  Uie  lateral  dLS])[at*ement  the  more  a{)pareiit  will  be  the 
eharijre  in  the  axis  of  the  humeral  shaft.  Pain  is  usually  severe  and 
the  KuftVriu^  greatly  inereosed  by  motion  of  the  slionlder.  Injuries 
to  nerves  and  vessels  are  unusual  though  they  are  more  eommou  in 
this  fraetiire  than  in  any  other  occurring  in  the  upper  end  of  the 
InnrirrnH,   urn]    Ihi^   aeeompanyiDfr   symptoms   nre   similar   to   thosr 


KiK    l:i 


r»K.  ii'i: 


pigs,  121  and  122.— Fracture  af  surirical  nerk  of  humerus  Iwelvt?  hours  nftt-r 
iniiin-.  Note  tli«  undup  proniiiie;vre  of  the  shoulder  niUpriorly  which  t«  ffrfuler  thuti 
would  bp  pret**"!!!  in  nittiple  Kw^nini^  tyt  [ho  hhon^fii^T  folltjwiiijr  sprain,  Note*  piIho  Ihi* 
et'chyuionis  which  nlmoHl  inner  foUowit  dislocatitiu.  NoIp  the  Altitude  of  thi?  pntfenl  in 
graKjfing:  the  injured  membiT  with  th(>  npponil'p  iifind.  In  dif^lf^cHtinns  the  piili^nt  seldom 
mnkra  nuy  attempt  to  support  the  injured  meiuher  but  in  frDctur<*ji  of  this  r«gioii  it  ti 
often  difficult  tu  nfi  laim  to  let  g*>  of  it  evott  for  iin  iriM^nt.  Injury  Kustaint^d  in  Ihii 
«•§«  by  blow  on  the  up[j»«r  and  outer  n«prct  «f  the  nrrn.      Patient   about  fiO  year»  of  age. 

deserilK^d  under  ^^Dinlotmtions  of  the  Slmulder/'  pai^e  76.  Pain, 
ttiohility,  erepitus,  loss  of  function,  swelling,  eeehymosis  and 
deformity  are  more  pronouneed  and  eliaraeteristie  in  fracture  of 
the  surprieal  neek  than  they  are  in  any  other  fracture  oceurring  in 
the  upper  mil  td'  the  humerus.  The  aecompanyin^'  illustrations  will 
give  the  reader  a  good  idea  of  the  usual  elinieal  pieture  aeeompany- 
inir  fraeture,s  of  the  surgieal  net*k. 

Itt  fptpfufstal  Si  linrftfitnts  of  the  ujiper  end  of  the  humerus  the 
symptoms  are  similar  to  thost*  seen  in  fraetures  of  the  surgical  neck. 
Displaeement,  however,  is  not  as  eonstant.  loss  of  function  is 
variable^  and  crepitus  soft  and  cartilaginous.    Separation  of  the 
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Vig.    t23, — lionfgf-nogruuj    of    cnbv   !»lii,>>*  ii    in    Fjh?.,     121    uiid    122. 


Tig^  124, — Low  frActnre  of  sargtcal  neck  of  right  humerus.  Note  the  short^ninc 
.  _  th»  htm  on  iBjured  side.  The  lowor  end  of  the  upper  fragrrnent  is  di&pUred  forwurd, 
produ<-in^  th*  abnormA)  promiDenfe  indieati*d  by  arrow,  whilL"*  the  lower  frafment  U 
dUptmred  Qpwurd.  Note  the  ti^ht  frrasp  on  the  fin§;er»  of  (hr*  (njurt^id  member.  This 
Attitade  i^A»  assumed  even  after  the  patient  was  requested  to  release  hit  hold  on  the 
fotteami  hifrher  up.  (See  DtoirnoBia. )  On1>'  filig^bt  change  in  humeral  axiit.  Photofn*aph 
tAken  about  three  hours  following  injury.  {Hate  evidence  of  feyphilie  in  ntwe  and  com 
pftff  with  Figs.  46'j  Ui  465  \ 


u 


Plt\rTnil?»  AN!>  fHOTXICiTKWg 


ri(  12S^S»fli«  eue  ^Flf  124)  IMM  I* 
In  pttaitioa  4fam  not  iniiiriMv  tW  |it— liiwurr 
It  M  cMgr  lo  Mt  UiAt  1^  pnmimemim  ttti^ 
iiil^i^MiMiim  of  Ibt  uppvr  IrftCBCHi  ilfliiair  IM  l 
trajmiiH  ii  «o]^  tfi^tlr  Alt«s«i.  dim  t>  vt 
fta««lftfer4. 


b   pffoJ»«i4    hf    r«rv«r4 
sa4  tlwnfar»  oT  f  h«  btwer 
iji   wkM^   boUlk   fniim*n1*   mr* 


Iqr  ijntkae 


-    It  wo  iy        - 
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opper  epiphysis  may  occur  without  displacement  aud  the  loss  of 
function  may  be  only  partial.  Under  these  couditioiia  the  surgeon 
may  fail  to  recognize  the  nature  of  the  injury.  When  deformity 
is  present  the  upper  end  of  the  diaphysis  is  usually  displaced  for- 
ward and  inward  and  on  examination  of  the  Rhoulder  the  lesion 
is  noted  at  a  higher  level  tfian  that  seen  in  fraeture  of  the  surgical 
Deck.     The  anterior  aspect  of  the  shoulder  is  eharaeteristic.     The 

[prominence  caused  hy  the  upper  end  of  the  diapliysis  can,  as  a  ruft% 

I  he  appreciated  hy  inspection  alone. 

An  epiphyseal  separation  without  deformity  may  easily  escape 

I  recognition  immediately  following  the  injury.     If  tlie  shoulder  is 


y\g.   128,"X-ra3r  of  f^afee  shown  to  Figs.  126  nod   rj7 


fiot  immobilized  suhsequent  strain  is  likely  to  produee  displacement 
lend  the  eharaeteristic  deformity,  together  with  the  aceent nation  of 
the  symptoms,  discloses  the  nature  of  the  injury. 

Diagnosis. — The  diatjnosis  of  fraelures  of  the  upper  end  of  the 
humerus  is  based  on  the  symptoms  just  enumerated  and  when 
these  are  t>T)ical  there  should  be  little  difficulty  in  determining  the 
nature  of  the  injury.  A  thorough  and  systematie  examination  of 
thje  shoulder  should  be  nmde  in  every  ease  and  the  possibility  of 
aflKiciated  fractures  of  the  clavicle  and  of  dislocations  of  the 
shoulder  and  acromio-elavieular  joint  should  be  kept  in  mind. 

With  the  patient  seated  in  a  straight  chair  the  arms  are  placed 
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in  symmetrieal  posit ious  ami  the  parti*  eari^fully  iiiHppotod  In* fore 
any  uianipulatioii  is  atteiiiptetL  ^Mm^li  ean  Ix^  leariitnl  by  inspect  ion 
alone  and  it"  this  soiirct;  of  information  is  fully  utilized  niin^li  uii- 
ijef*es.sary  iiianipidation  can,  a^  a  rule,  be  avoided.  In  fraetures  of 
the  claviele  the  shoulder  is  usually  lowered  but  tbe  arm  itself  is 
not  shortened.  The  over-riding  deformity  so  common  in  fractures 
of  the  elaviele  is  usually  apparent.  In  dis!o<*ations  of  the  shoulder 
the  ehange  in  humeral  axis,  fljitteuing  of  the  shoulder  and  loweriuir 
of  tlie  axillary  fold  should  iiidieate  the  nature  of  the  injury  at  a 
fflantv.     Tile  altitude  in  dislocations  is  eliararferistie  iti   lluit   the 


Fig,   180,— Pnlpating   huoif^ral  heed   ihrauitli   deltidrt, 

Fij.   131, — Palpating  buuitrtil   hend   with   finger   tip*  prfwf.cd   irto   nxilU, 

patient  seldom  makes  any  attempt  to  support  the  injured  member 
with  the  opposite  hand.  In  fraetures  of  the  upper  end  of  the 
humerus  the  injured  arm  is  grasped  and  supported  with  the  greatest 
anxiety.  Both  active  an<l  passive  motion  are  restrieted  in  disloca- 
tions while  abnormal  mol>ility  is  the  rule  in  fractures.  Ecehymosis 
is  connnon  about  the  shoulder  within  twelve  to  twenty-four  hours 
following  a  fracture,  but  in  hixations  it  is  almost  never  seen  except 
in  the  rare  subspinous  type.  Flattening  of  the  shoulder  is  some- 
times seen  in  fraetures  of  the  anatomieal  neck  but  it  is  never  as 
pronounced  as  in  dislocations  and  is  not  accompanied  by  change  in 
the  humeral  axis. 

The  head  of  the  humerus  should  be  palpated  through  the  deltoid 
and  again  through  the  axilla.  If  the  arm  is  carried  through  rota- 
tion while  the  head  is  palpated  the  surgeon  may  determine  to  his 
satisfaction  whether  or  not  the  head  follows  the  movements  of  the 
shaft.     The  shaft  of  Ihe  humerus  should  be  measured  from  the  edge 
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of  the  acromion  to  the  rxtt^rnal  epicromlyle  nn<]  compared  with  the 
opposite  mde,  Shorten iiig  usually  means  fraeture,  wliile  length- 
ening is  indicative  of  the  more  common  types  of  dislocation  (sub- 
eoraeoid  ami  siibfjleiioid ) .  The  eoraeoid  i>raeess  should  be  palpated 
where  it  approaehes  the  siirfaee  about  an  inch  below  the  junction 
of  the  middle  and  outer  thirds  of  the  clavicle.  The  clavicle, 
a*'rouu'on  and  spine  of  the  si*apula  Hhould  be  palpated-  The  arm 
slioidd  be  carried  through  the  normal  range  of  motion  and  restric- 
tion in  any  given  direction  and  increase  of  pain  should  be  noted. 

Fraeture  of  tlie  neck  of  the  scapula  may  he  ditricult  to  distinguish 
from  fraeture  of  tht*  upper  end  of  the  humeru.s.  If  fracture  of  the 
upper  end  of  the  humerus  can  be  excluded  and  still  there  is  ab- 
normal mobility  of  the  upper  end  of  the  bone  with  crepitus,  the 
symptoms  are  indicative  of  fraeture  of  the  glenoid  or  neck  of  the 
acapnia.  It  may  be  possible  in  some  cases  to  palpate  the  margin 
of  the  displaced  glenoid  iit  tfie  axilla, 

Difterentiation  of  fractures  of  the  iiiiper  end  of  the  humerus  from 
luxations  of  the  shouhlcr  and  fractures  and  dislocations  of  the 
clavicle  is  usually  not  difticult,  but  to  distintruish  between  the  ditYer- 
ent  types  of  fracture  oeeurrinsr  in  the  upper  end  of  this  hone  is 
often  not  an  easy  matter  without  the  aid  of  the  X-ray,  The 
symptoms  of  fracture  of  the  anatomical  neck,  surgical  neck, 
tuberosities  and  epiphyseal  separations  have  been  enumerated  and 
will  serve  in  making  a  ditTereutial  diagnosis  in  typical  <"ases  pending 
the  making  of  a  Rontgenogram. 

The  possihility  of  increasing  tlie  damage  to  the  soft  parts  should 
Ik*  borne  in  mind  and  manipulation  should  be  as  genth?  and  brief 
ftA  possible.  ^lotion,  sensation  and  the  deep  reflexes  of  the  upper 
pxtremity  should  be  testetl  to  reeognize  complicating  injuries  to  the 
nerves  Hud  vesai'ls.  The  condition  of  the  cireuniflex  may  l)e  ascer- 
tained by  tapping  the  deltoid  and  noting  the  contraction  of  its 
fibres. 

If  manipulation  is  especially  painful  or  the  swelling  pronounced, 
the  examination  is  best  conducted  under  anesthesia. 

Treatment. ^Reduction  of  the  fragnunits  should  in  most  cases  be 
done  under  anesthesia.  A  careful  consideration  of  the  physical 
mguH  and  nymptoms  will,  as  a  rule,  atTord  the  surgeon  sufficient 
information  concerning  the  fracture  to  correct  the  deformity. 
The  parts  should  then  lie  immobilized  and  an  X-ray  taken  to  deter- 
mint*  the  position  of  the  fragments  and  the  details  of  the  fracture. 
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TIm'  iipfiff  ♦•fid  of  the  fihftft  may  be  ilbplaced  in  any  direction  and 
fii'i'iinhriirly  thf*  maniptHatiotiM  of  reduction  vvi!l  vnry  in  different 
*/Hmm,  Thff  UMiial  defoniiity,  howe%*er,  consists  in  an  upward  and 
hiHitrd  ilrMj»lii*'i*mi*nl  of  the  upper  end  of  the  lower  fragment.  Re- 
diiHion  will  tfierefore  usually  eonsist  in  foreingr  thr*  upper  end  of 
the  Hhflft  outwanl,  whil«^  traction  is  beinir  exerted  on  the  arm.  In 
rnakiriK  outward  preasiire  on  the  upper  end  of  ttie  shaft  the  surgeon 
slirjiild  nvoiil  exertini?  the  [>regsure  tlireetly  over  the  end  of  the  frai?- 
meiii,  (ilhiTwiw**  veK,si*|K  ?ind  nerves  umy  be  foreed  against  the  sliarp 
«»'rrntiMl  immI  hiu\  injured.  Tiie  i^ffeet  of  rnanif»idajtion  ean,  at>  a 
rn\*\  be  reeoKuized  l»y  pal[>ation  fhrougb  lli  "         VVitli  the  fra(2^- 
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ture  of  tiie  upper  t^iid  of  thi^  hunjerus.  The  most  common  method 
of  immobilization,  and  one  whi<*h  will  he  «dnpted  to  tht*  largest 
number  of  cases,  is  accomplished  by  means  of  the  axillary  pad  and 
ihe  moulded  plaster  shoulder  rap.     Various  niethods  of  fuviiarinsr 


Fig,    183. — 3ho%»    nxitlviry    pinl    i nmgilrli^d.      t'iti\im    liiis   \tf-vu    pa*  koij    in    t^fiWHicn    Ihf 
bOftniA  and  ft  liyer  of  I'lttiun  iiht^tl   lo  rHS'Hr  On^  ttirfure,      'VUv  wtiole  i»  then  bundiiifei), 

and  applying  these  two  eleiru*nts  in  ttit?  dressing  have  been  described 
and  there  is  little  to  be  said  of  any  of  them  as  long  as  they  accom- 
j>li8h  the  desired  result,  which  is  fixation  of  the  fragments  in  proper 
fKisition  without  undue  const rictiou  of  the  arm  or  irritation  of  the 


Fiff.  131 


Fig.  135. 


Pif.    ta*.— 'Vi^w    of    iixilbry    ij«iI    fnnii    >H'liih4.      fi<>t<i»    bow    tbo    pml    sk^jifMiri^    ilu' 
ti«oi«ro«  dt»wti  to  tht»  ititrrnul  «<|urtind>  liv 
l''lf.    135.- — Bftinr  9f*>n  fruui  tlu*  fronL 
Fit,    i3<l. — Si»fnv   with  rtrm   riiiite^.     SMe  Ou'  oMiqub  li>wer  end   of  p»d. 

«<kin.     The  details  of  the  most  satisfactory  methods  will  be  described. 
The  key-note  to  the  proper  imnmbiUzation  of  the  shoulder  is  the 
tucillary  pad. 
The  axillary  pad  should  support  as  much  of  the  humerus  as  pos- 
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sible  without  interfering  with  the  upper  part  of  the  forearm  which 
is  maintained  in  a  position  of  semiflexion.  A  very  satisfactory  pad 
is  made  in  the  following  manner:  take  two  pieces  of  cigar-box  (the 
lid  and  bottom)  and  cut  them  so  that  they  will  be  a  little  broader 
than  the  arm  and  then  hinge  two  of  the  ends  together  inside  and 
out  with  adhesive  as  shown  in  Pig.  132.  The  boards  are  then  placed 
in  the  opposite  axilla  (hinged  ends  up)  for  the  purpose  of  measuring 
and  marking  the  proper  length.  The  pad  when  completed  should 
come  to  about  the  level  of  the  internal  epicondyle  posteriorly,  but 
should  be  short  enough  anteriorly  to  clear  the  top  of  the  semi- 
flexed forearm.  To  accomplish  this  it  will  be  found  necessary  to 
cut  the  lower  ends  of  the  boards  diagonally  (as  shown  in  Pig.  132). 
With  the  boards  cut  to  the  proper  size  (due  allowance  being  made 
for  the  padding)  the  angle  is  stuffed  with  cotton  till  a  wedge  of  the 
proper  thickness  is  obtained.  The  outside  of  the  pad  is  then  cov- 
ered with  cotton  and  finished  by  securing  the  padding  in  position 
with  a  roller  bandage.  The  tendency  for  those  not  accustomed  to 
constructing  this  dressing  is  to  make  the  pad  too  long,  and  when 
this  is  done  the  antero-inferior  angle  will  make  the  patient  miserable 
by  pressing  into  the  upper  part  of  the  forearm,  or  else  the  pad  will 
tend  to  slip  backward  and  fail  to  properly  support  the  humerus. 
The  outer  side  of  the  pad  should  be  evenly  covered  so  that  it  will 
present  a  flat  plane  for  the  humerus  to  rest  on.  The  pad  is  secured 
in  position  by  three  pieces  of  adhesive  as  shown  in  Pigs.  135  and 
136,  Two  of  them  pass  over  the  opposite  shoulder  w^hile  the  third 
eucireles  the  body.  The  surgeon  should  see  to  it  that  the  pad  is 
proiH^rly  fitted  and  placed  before  he  proceeds  with  the  making  of 
the  8lu>ulder  cap.  Heavy  card  board  (book-binders  board)  may  be 
ushhI  in  place  of  the  wood,  but  if  the  material  is  too  light  the 
aidw  will  tend  to  l>ow  when  the  angle  is  stufl?ed  with  cotton,  as 
diHierilHHl  alwvo.  When  this  occurs  the  side  of  the  pad  does  not 
pn^'Ut  tlu»  necessary  flat  surface  for  the  humerus  to  rest  against. 
liiirbt  eanl  Imard  is  entirely  inadequate,  and  stufllng  of  the  space 
lH^twiH>n  tlu»  biHly  and  trunk  with  folded  towels  is  mentioned  simply 
to  Ih*  eonilemned.  Many  different  methods  of  making  an  axillary 
pad  may  1h*  followed  but  the  above  will  be  found  as  satisfactory 

iw  any.  .     ^      -o^       -•  •  ,•   ■• 

Tho  plaster  sluMilder  cap  is  shown  in  Pig.  137  and  is  applied  as 
follows:  \(Wv  ivduction  has  been  effected  and  the  axillary  pad 
plaood  in  |u»sition,  a  pattern  is  cut  out  of  sheet-cotton  to  properly 
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ftbrace  the  arm  and  shoolder.  It  is  best  to  lay  the  cotton  on  the 
rilQlilder  and  cut  thp  pattern  in  this  position.  Ten  or  twelve  hiyers 
of  erinoiin   (or  \m\f  aiiaiii  as  niHiiv  hivers  of  ^anze)   are  then  ent 


Fi|E.    187. — ^PlAKt<?r  Ahouldtrr   cop  m   ptiMiiun,     ^^ii:  the  iMicirdiujc  iHr«i*  uf  n<IKefilv« 

according  to  the  pattern,  immersed  in  plaster  ereani,  wrnng  out  and 
applied  to  the  slioulder.  The  sheet-eotton  pattern  is  ai>plied  to  the 
shouldi'P  first  ami  aels  as  the  lining  for  ihe  shoulder  cap.     The 

/ 


Ftff.   US. 


Fig.    139, 


Fitf,   140. 


Vif.   1218. — A%iUiir>-   ttncl  iti  poKtiioti   utiid  iirm  bandaceil, 

Fig,   189. — T*t«il«'r  »boutder  cup   in  po^itioD. 

Fic«   I^IO. — Swftth«    enctrclins    body    aiuI    taking    place    of    slin«:. 

shoulder  cap  should  he  secured  to  tlie  body  as  quickly  as  possible 
with  a  wide  roller  bandage  and  the  patient  kept  perfectly  quiet 
until    the   plaster  has   thorouj^lily    act   and   dried.     Later   on    the 
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bandages  may  be  removed  and  the  cap  secured  in  position  by  means 
of  a  body  swathe  or  strips  of  adhesive  plaster.  Another  method  of 
securing  the  arm  and  splint  to  the  body  is  by  encircling  both  with  a 
sufficient  number  of  turns  of  plaster  bandage.  Wet  crinolin 
bandage  may  l>e  used  instead.     When  this  is  done  the  trunk  should 


Fip.    143. 

Kite.    1"*1. — Middeldorf  trian)i:le. 

Fijf.  l-*2. — The  Monks  triangle.  .1.  shows  the  wire  bent  to  proper  form.  B.  shows 
MHin<«  piidded  and  bandaKod. 

FIk.  143. — ORfrood-Ponhallow  splint  for  treatment  of  fractures  of  the  upper  end  of 
thn   liuuioruH   in   abduction. 

be  protected  with  sheet  cotton  to  prevent  subsequent  irritation  of 
i\w  skin.  Tlie  cap  should  cover  the  shoulder  on  all  sides,  and  if 
iHlditional  security  is  desired  it  may  be  made  to  extend  well  onto 
llir  clK^st  both  in  front  and  behind.  In  fractures  of  the  upper  end 
of  the  liuiiKM'us  it  will  seldom  be  necessary  to  include  the  elbow  or 
forearm  in  the  splint. 
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It  is  well  to  snugly  bandage  the  arm,  forearm  and  hand  with  a 
flannel  bandage  before  the  pad  and  shoulder  cap  are  applied. 

A  method  offering  very  solid  fixation  is  a  plaster  spica  of  the 
arm  and  chest  though  it  does  not  permit  of  frequent  removal  or  easy 
adjustment  during  the  after-treatment.  When  the  spica  is  em- 
ployed the  arm  and  chest  should  be  well  covered  with  sheet  cotton, 
and  after  the  dressing  is  finished  an  axillary  pad  should  be  placed 
m  position  to  support  the  arm. 

The  cravat  sling  is  called  for  with  any  of  the  plaster  dressings 
about  the  shoulder  except  when  the  forearm  is  included  in  the 
splint. 

It  is  advisable  in  most  cases  of  fracture  of  the  upper  end  of  the 
humerus  to  employ  an  anesthetic  during  examination  and  reduc- 
tion though  it  is  more  satisfactory  to  apply  a  plaster  dressing  when 
the  patient  is  conscious  and  able  to  assume  a  convenient  position. 
When  the  causative  trauma  is  great  and  the  ensuing  traumatic 
reaction  pronounced  it  is  often  better  to  treat  the  patient  in  bed 
during  the  first  few  days  and  to  delay  the  application  of  a  perma- 
nent dressing.  During  this  time  the  arm  may  be  secured  on  an 
axillary  pad  and  sand  bags  a[)plied  to  the  outer  side  of  the  arm  to 
steady  the  parts.  The  local  and  intermittent  use  of  the  ice  cap 
will  l)e  of  service  in  controlling  the  inflammatory  reaction.  In  some 
instances  the  patient  will  be  more  comfortable  with  the  arm  resting 
on  a  i)illow.  If  the  suttering  is  great,  morphine  should  be  ex- 
hibited. 

Occasionally  cases  are  seen  in  which  reduction  cannot  be  main- 
tained with  the  arm  in  a  position  such  as  assumed  when  the 
axillary  pad  and  plaster  shoulder  cap  are  employed.  Abduction, 
outward  rotation  or  a  forward  displacement  oi*  tlie  upper  fragment 
may  recpiire  a  corresponding  position  of  tlie  lower  fragment  to  keep 
tho  fractured  surfaces  in  apposition  and  tlie  fragments  in  align- 
ment. To  meet  the  requirements  in  such  cases  a  number  of  splints 
Imve  been  devised.  The  Middledorf  triangle  maintains  the  arm 
in  a  position  of  partial  abduction  and  inward  rotation  and  is  effec- 
tive in  some  cases  in  preventing  recurrence  of  deformity.  (See 
I'V  141.)  The  Monks  triangle  holds  the  arm  in  a  nearly  horizontal 
lM)siti<m  with  the  elbow  carried  forward.     (See  Pig.  142.) 

\W  means  of  a  plaster  cast  of  the  upi)er  extremity  and  trunk 
the  arm  may  be  fixed  in  almost  any  position  desired.  Taking  every- 
thing into  consideration  it  is  probably  the  mast  satisfactory  form 


104 


FRACTURES   AND  DISIXX^ATIONS 


nf  iruTnnhiliziitinti  in  irmtaTicr»s  in  whinh  the  arm  may  not  bi^  Ircated 
at  tin*  su\v   Iku'musi'  tif  (lis[^hn_H'iiH'iif   of  liie   upper   fragment. 

When  nncoiufortable  and  awkward  positions,  such  as  maintaint^d 
by  the  ahove  spliuts,  are  necessary  to  keep  the  fragments  in  proper 
relation,  tht^  (juiestioit  of  opi^ration  shouUl  be  eoosidered.  It  is  the 
author's  opinioii  that  most  eases  of  this  kind  (iw  which  reduction 
cannot  he  maintained  with  tlie  arm  by  the  side)  shoidd  be  operated 
upon,  a  ltd  the  fnigiiients  seen  n-d  in  position  by  direct  fixation. 


Fig,    144. 


1^1^.     i4o. 


FiK,  144- — Pli»«ter  c»«t  for  trtiitiiieol  of  fracttire  of  the  upper  end  uf  ttn?  liutneriiit 
in  Rl>clticlioii.  In  upptyiaK:  jhf  cakI  the  humpruB  m«y  Up  tixi^d  in  ulmoiit  nny  intt^itinn 
(Iralrt^d. 

Fi|C.  145. —  Pkiter  cn%t  for  lre»tnient  of  fratlures  af  th*  tipper  end  of  lh«  humi^rus 
in    lUidiietiuu.     T\u»    cnsl    ti\(*B    (hi'    humerus    in    u    poftitian    of    (reAler    4>g>iiiward    rnta- 

Operative  Treatment. — The  eases  of  fnietnre  of  t!ie  upper  end 
of  llie  humerus  iu  which  operation  is  indicated  are  numerous  but 
tlte  [iroper  selection  of  these  cases  requires  the  moat  seasoned  surgi- 
cal jmlgment.  Fractures  iu  which  the  disidacemcnt  is  pronounced 
and  uot  reducihle  hy  ordinary  niethotls  should  he  operated.  Recur- 
rence of  deformity  during  tlie  after-treat meiit  is  ordinarily  an  indi- 
cation for  operative  intervention.  Cases  in  whieli  the  ufvper  frag- 
merd  is  aliducted,  rotated,  or  distdaeed  forward  may  he  treated 
hy  some  ftuin  of  dressing  wldcli  immobilizes  the  arm  in  a  position 
eorrespondi ug  to  tfte  dcfornnty  of  the  upi>er  fragment.  Hnch  dress- 
ings, liow^ever,  are  more  or  less  uncomfortable  and  insecure  and  in 
most  instances  it  will  be  advisahle  to  expose  the  fragments,  wire  or 
plate  them  together  and  then  fix  the  arm  hy  the  side  with  the 
ordinary  axillaty  pad  and  shonldcr  cap  dressing. 
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Th*^  fragirH*nti4  hiv  lo  hv  expost*d  throijcrh  n  vertieHl  i*i<»isio!i  on 
the  aittiM'ior  or  external  a^pet^t  of  the  shoulder.  The  einniiiitlex 
uprve  will  be  found  winding  aroiiml  the  surgioal  neck  of  the  bone 
and  should  be  avoided.  It  is  best  to  expose  the  fracnnents  by  dnll 
dissection  in  the  deejier  part  of  tlie  wotuid  until  the  nerve  litis  been 
lcH*ated  and  isolati*tl.  With  the  fraf^nieuts  exposed  the  needs  of  the 
ease  are  deterniioed  and  the  details  of  the  operation  from  this  time 
on  will  vary  aeeordiugly.  Rednetioii  of  ih^fonnity  is  i>erfoniir*<l  by 
means  of  extension,  eounter^extension  and  manipulation,  and  is 
rendered  easier  by  direet  nianipidatiou  of  the  tVa^inenls  when 
iieee^8ary.  The  faet  that  the  fragioeiits  may  be  direetly  inspeeted 
during  manipulation  is  of  the  greatest  serviee  in  eorreeting  the 
ilisplaeeiiienl.  If  a  Hnii  t  nKageTueut  between  the  frajy^ment**  ean  be 
obtained  by  manipulation  the  wound  nuiy  be  close<l  and  the  opera- 
tion eoneludeti :  if,  however,  tbere  is  a  tendeney  to  redisplaeement 
some  form  of  internal  fixation  must  be  emjtloyed.  A  eonsideration 
of  the  illustration  on  paj?e  .s:{  will  show  that  the  strueture  of  the 
bone  above  the  surijieal  oei^-  is  composed  oT  n  wi<le-tnesbed  cancel- 
lous tiasue  eovered  only  by  a  very  thin  layer  of  rompael  bone,  a!id  it 
is  in  tln»  formalion  tfiat  very  little  dejiendener  {sin  be  [daeed  on 
UMJla,  pegs,  screws,  ete.  Silver  w^ire  will  alTord  the  most  trust- 
worthy fixation  and  sliould  lie  tjiven  tbr  f)referenee  in  tht*  reirion  of 
the  anatoitiieal  neek.  It  is  freipienlly  the  ease  that  a  simjdi*  loop 
of  win*  passing  thron}j:h  the  outer  side  oT  the  fr:u  ture  as  shown  in 
Vig,  1*H  will  Heeiire  a  safe  and  aei-urate  ap|M)sition.  The  Lane 
plate  haa  been  used  in  tlie  region  of  the  ^^reater  tuberosity  though 
it  is  Jmt  reasonalile  to  expect  s«H*urity  from  it  when  the  screws 
holding  it  are  not  plaeed  in  a  fairly  tieavy  layer  of  compaet  tissue. 
Aeeordingly  it  is  of  greater  value  a  little  lower  in  the  bone.  It  is 
siimetimes  necessary  to  excise  the  head  of  the  bone  because  of 
extensive  conuni notion,  or  in  old  eases  because  of  non-union,  Tt  is 
well  to  remerid>er  that  the  head  vi'rv  rarely  sutTers  neei'osis  follow- 
ing  Reparation  from  the  shaft.  Atteni|»ts  to  savi*  the  bead  are 
umially  Mieeessful  with  aeetirate  apposition  and  tlie  profjer  degn^e 
of  fixation,  lleiluction  and  fixation  or  fractures  of  the  surgical 
fit*ek  are  not  as  a  rule  attended  by  great  fliffi<ndty  unless  there  is 
extensive  eotrmiinution  of  the  u|)[»er  fragment.  Wlien  tfre  ujiper 
fntgnient  is  broken  into  many  |neees  it  may  be  impossible  to  com- 
pletely restore  the  bone  to  its  original  lines.  A  wire  encircling  the 
Mirgieiil  neck,  w*ith  notches  in  the  fione  to  prevent  its  slipping  down- 
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ward,  may  be  of  great  value  in  loiifritudiiial  splitting.  It  should 
l)e  so  placed  as  not  to  interfere  with  the  long  head  of  the  bi<i*ps. 
Isohited  fraetures  of  the  tuberosities  are  rare  injuries.  Little 
diflfieulty  should  Ih'  experienced  in  returning  the  detached  tuberosity 
to  its  original  position  and  8t»curing  it  in  place. 

In  epiphyseal  separations  reduction  of  the  deformity  will  usually 
be  all  that  is  required,  as  displacement  is  prevented  by  the  projec- 
tion of  the  center  of  the  diaphysis  upward  into  the  epiphysis. 
(See  Figs.  110  and  111.)  Suture  of  the  periosteum  on  the  outer 
side  of  the  bone  will  increase  the  security'  of  reduction.  If  a  tend- 
ency to  recurrence  of  deformity  is  present  absorbable  suture 
material  may  be  passed  through  drill  holes  in  the  bone.  Non- 
absorbable suture  matt*rial  should  not  Ih'  used  across  an  epiphyseal 
cartilage. 

It  is  well  to  insert  a  small  drain  of  silkworm  gut  before  the  wouiui 
is  closed  to  relieve  the  joint  of  blood  and  serum;  this  drain  should 
be  removed  in  from  twenty- four  to  forty-eight  hours. 

After-Treatment.-  In  the  average  child  or  young  adult  union 
may  be  expected  at  the  end  of  four  weeks,  while  a  middle-aged 
person  should  be  allowe<l  fnmi  five  to  six  weeks  for  callous  forma- 
tion. In  the  aged  union  may  be  much  delayed.  The  acute  swelling 
about  the  joint  will  usually  have  subsided  at  the  end  of  ten  days  or 
two  wtrks.  During  the  time  the  shoulder  is  decreasing  in  size  the 
padtling  on  the  inside  of  the  shoulder  cap  will  reijuire  frequent 
changing  and  adjustment  so  that  the  cap  may  properly  tit  the 
shoulder.  If  the  swelling  lias  lx»en  great  it  may  be  neccissary  to 
apply  a  n^w  cap  when  the  shoulder  approaches  the  normal  in  size. 

The  cast'  should  be  seen  daily  for  the  tirst  ten  days,  after  which 
evtMv  two  or  tbn-c  days  will  be  sufficient.  The  axillary  pad  some- 
tim»'s  become^s  IoosciumI  ami  is  likely  to  slip  downward  or  back- 
wju-il,  and  if  not  replactnl  nuiy  l)e  responsible  for  a  change  in  the 
position  of  the  fragments.  (lentle  passive  motion  should  1h»  l)egun 
at  the  end  of  two  or  two  and  a  half  wivks  in  uncomplicated  cases. 
Passive  niDtion  should  at  all  times  Ik*  gentle,  and  the  production 
«)f  pain  must  rfpris«*nt  the  limit  of  motion.  The  splints  should 
)>♦•  removftl  at  the  t*nil  of  four  to  six  weeks,  according  to  the  ajre 
ami  condition  of  the  patient,  and  the  arm  carried  in  a  sling  for 
allot iier  ten  days.  The  patient  should  l)e  especially  cautioned  not 
to  submit  the  arm  to  any  great  .strain  for  the  first  two  months  fol- 
lowing the  niiiiival  of  splints.     Kxtn»me  abiiuetion  is  the  last  mo- 
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tion  to  be  regained  by  the  patient  and  in  elderly  persons  it  is  not 
infrequently  lost  permanently.  Should  paralysis  of  any  of  the 
nen'es  supervene  during  the  after-treatment  (as  evidenced  by 
wrist  drop  or  contractures)  we  should  lose  no  time  in  exploring  the 
nerve  involved  where  it  crosses  the  line  of  fracture.  The  circum- 
flex is  the  single  ner\'e  most  frequently  involved  in  fractures  of  the 
upiH*r  end  of  the  humerus.  End  results  following  operations  on 
the  nerves  cannot  be  expected  inside  of  four  to  six  months  at  the 
earliest.  Atrophy  of  the  deltoid  not  infrequently  occurs  from 
disuse  alone  without  injury  to  the  circumflex.  This  condition  is 
not  in  itself  a  cause  for  anxiety  since  the  muscle  will  regain  its  size 
and  tone  with  use. 

Following  reduction  of  an  epiphyseal  separation  fixation  should 
l)e  maintained  for  three  or  four  weeks. 

Early  passive  motion  is  of  the  greatest  value  in  fractures  of  the 
upper  end  of  the  humerus.  Restricted  motion  in  the  shoulder  is 
often  the  result  of  a  too  prolonged  immobilization.  If  joint  ad- 
hesions are  present  after  union  is  firm  they  may  be  forcibly  broken 
up  under  anesthesia,  but  before  this  is  attempted  the  surgeon  should 
be  positive  that  the  callus  is  firm  enough  to  stand  the  manipulation 
without  refracture. 

Prognosis. — The  outlook  in  fractures  of  the  upper  end  of  the 
humerus  will  depend  on  the  severity  of  the  break  and  the  age  and 
rendition  of  the  patient.  A  fair  degree  of  reduction  will  usually 
}>e  followed  by  perfect  recover^'  in  youthful  subjects.  The  older  the 
patient  the  greater  the  probability  of  incomplete  restoration  of 
function.  In  the  aged  non-union  may  follow  in  spite  of  the  most 
perfect  treatment.  In  patients  past  middle  life  there  is  often 
slight  restriction  of  motion  and  pain  about  the  joint  occurring  with 
changes  in  the  weather.  The  range  of  motion  may  be  free  and  yet 
the  shoulder  weak. 

Loss  of  growth  following  epiphyseal  separation  is  an  extremely 
rare  condition  and  need  not  be  expected  if  anything  like  a  fair 
reduction  has  been  accomplished  following  the  accident.  Moderate 
(!t»formity,  if  present,  will  decrease  as  the  years  go  by. 


(MIAPTKR  VJII. 
KKACTlKMvS  OK  TIIK  SIIAKT  OF  TIIK  HUMERUS. 

Surgical  Anatomy.  To  npi)n'(*iato  the  drformities  accompanying 
fnu'turrs  (if  th('  shaft  of  \\w  luiiixTus  the  Htta<*hmonts  and  directions 
of  pull  of  the  (litViTt'iH  imisrlfs  .should  b«»  known.  (See  Figs.  146 
aiul  147.)  Whfii  thf  lino  of  fracture  is  through  the  inBcrtions  cf 
the  pertoralis  major,  latissiinus  <lorsi  and  ti'n»s  major  the  deformity 
is  usually  slight  and  consists  of  an  inward  diaplact'ment  of  both 
tVa^inciits  so  that  the  d(*forinity  is.  as  a  rule,  purely  angular. 
Whi-n  the  fra«*turr  is  hehuv  th«*  insertions  of  tht»si»  mnseles,  but  above 
the  deltoid  «'ininen<'e.  the  lower  fragment  will  usually  he  displaced 
up>\ard  aind  outward  hy  the  deltoid.  whih>  the  upper  fragment  is 
drawn  inward  hy  th«>  pull  of  the  pt^'torulis.  ten*s,  and  latissimus. 
When  tile  fracture  is  below  tlu»  insertion  of  the  deltoid  the  upper 
frajrnicnt  will  he  displaerd  outward.  In  any  fracture  of  the 
humeral  shaft  the  serrated  ends  may  be  finuly  enough  engaged  to 
])rr\ri)t  lateral  and  overridinv^  displacement,  ami  under  such  cir- 
eumstam-i's  tlu'  deformity  is  purely  an^rnlnr  if  present  at  all. 
Short«'nin»r  of  the  arm  is  caus*Ml  for  the  most  part  by  the  action  of 
thr  l»iri'j>s  and  tric«'ps. 

Till-  humtrus  has  a  wider  ranire  of  motion  than  any  other  bone 
in  tin-  body  ami  the  varieties  of  strain  to  which  it  may  be  subjccteil 
an-  irreat.  Aei-onlintrly  \\r  may  see  any  Xy\h*  of  fracture  common 
ti>  loiiL'  lumi's.  Till'  shaft  of  the  bum«*rus  is  composed  of  a  heavy 
lube  of  fompart  tissue  whii-h  ^rows  larircr  in  circumference  and 
litrhter  i!i  struituri'  as  the  extri-mities  are  approached. 

Tile  mus.ulospiral  nerve  su]i]ilyinir  the  extensors  and  sujunators 
deseeiids  iibli-iuely.  fn>m  above,  downward  and  outward,  between 
the  two  humeral  lii  a<ls  of  the  trierps.  It  lies  in  contact  with  the 
bi«ne  iti  the  museulospiral  i;n»ovf  ani!  in  tliis  position  is  particu- 
\.\v\\  e\i'.»v,  ,1  to  injury  in  fractures  of  tlu-  hutiicral  shaft.  It  may 
1 1  iiijijird  1>  di]«  '•!  .ontusiiHi  and  la. -.■ration  at  the  time  of  the 
;:.    ;.!«  n!  «»r  i:  »::;»>   be  subse«pitnTl\   eau;;h(  and  compressed  hy  the 
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Fie*-    l-fcC    *i*d    147. — Vlew»   of    the    anterior    and    poBterior    •urfacp*   of    the    riijhl 
I  huiBfrn*      Th«   »rrow«   indtcjU«  th«k  pall  of  the  AttRc'he<i  iiiuscle«« 

B.t  Heftd  of  the  humeri)*;    AjV,,  Anfttutniral  tii*ck;   S.S,   Surgical  neck: 
fectmteTit   of    the    LatiA6iniu»    dofHi ;    T.M.,    AttAchtneni   of    lh«   teret    m«jor ;    Cb 
mrhmUH;   T' .,  Outer  hwid  of  the  triceiw  ;   J*.,   Innec  hflnd  of  th«»  trieep*:  M.S<, 
[•|iii-frl    prooTi';    B.,    Bioiptl-at    ifTocive;    P,Jf,,    Insertion   of   the    pe*'torftli«   mftjor; 
Imimiiluii:    T^Jftn.,    Terwi    min«>r;    D.,    Imwrtion    of    the    di'ltoirt ;    MJj..,    Ruptnntoi 
ffirC.K.L..    K*1*'n»<»r   I'arpi    radiAli^   longior;    V,,    (rroove   for   ulnar   nerve;    FM., 
Ix«dii   iere»:    F.F.,   Flexor*  of   the  fore&rm ;   F,C.U.,  FleJtor  ciirpi   ulnaris;   Tro,^ 
l*urfft«*  of  huioems;  C.  Cikpitellum ;   i,\JP,.  Rxteuttorft  of  the  forearm, 


L7>„  At 
,,    Ooraco- 

lifaflculo- 
/  .  Infru' 
p   Jongiie; 

Pronator 
Trochlear 


rwArrcTREs  and  disixjcations 


Inward  displacement  of  one  or  both  of  the  fragmentji  may  he  the 
cause  of  lueerntion  or  eonipression  of  the  bnichitil  artery  which  lies 

to  the  iimer  »ide  of  the  shaft. 

Green-stiek  fractures  are  seldom  seen  and  multiple  bre»kg  are 
uncommon.  Direct  violenec  is  iiHinilly  n»sponsible  for  fnietures  of 
tile  transverse  t\pe;  spiral  and  oblnpie  frarture«  are  the  nvsnlt  of 
twisting  strains.     Muscular  aetinri  is  espeeially  productive  of  frac- 


Fi|^    I4R. 


Fiif-   1 49. 


Fif.   14§.^ — i^pirftl,  rninmlnf*l«*«l  fmrniri^  of  litiinrrttl  «ltafL 

Fif.  149.' — Fr»elurr  t»f  ahAft  with  iir#rri4inir  iitMl  rnUry  Avft^rmiij. 

ture  of  the  humeral  sliaft.  and  in  some  tutses  (particularly  in  elderl] 
persons  1  the  de^rree  of  cjiusjitive  trauma  may  l>e  flispnjportionatelj 
smalt     lmi>aetion  of  the  frajfments  is  almost  never  seen. 

The  most  eoinmon  seat  of  fracture  is  at  or  a  little  below  the 
middle  of  the  shaft. 

Symptoms,— There  is  pain,  loss  of  function,  crepitus^  abnormal 
mobility  and  varying  deformity*  Swelling  usually  develops  rapidiv 
and  eeehymosis  is  R<*en  within  the  first  day.  The  relative  jiosition 
of  the  fragments  varies  with  the  level  of  the  break  and   Iih^h  lH*en 


rRAm*Ri!s  or  shaft  of  nnMERus 


in 


explained  under  **Sur^<*al  Anatomy/'  pnge  108,  The  deformity 
is  alntoiit  always  sufficiently  pronounced  to  be  recognized  by  inspec- 
tion jiUinf. 

The  patient  supports  tbe  injured  member  with  the  opposite 
hand  in  a  nuinner  which  is  characteristic.  (See  Diagnosis  under 
**  Dislof'ations  of  the  SliuiiKler, "  piige  65,) 

The  patient  is  able  to  move  the  hand  and  fingers,  and  the  reflexes 
hclow  the  site  of  the  fracture  are  intnet  unless  some  of  the  nerves 
havf  ht't  II  injured. 


Pi«     151. 

lAO.'-MuUipk  ■|>irii1  IraettiTe  of  humertt)  vKiifi  with  pronoiiDc*d   d^lormilv 
^ITi^.  151.^-Obljiiaf  friiCluff!'  of  htiin^rwl  shaft  with  fepitriition  of  friiKmfltit&«      (Tnkcn 
rihroiAsh  Im4V^  fibre  •pliiiD 

A  weakening  or  ahsenee  of  the  radial  i>iilse  indieates  laceration 
or  eompressifin  of  the  hraehial  arteryj 

The  development  of  a  hematoma  may  sonuiinips  be  reeoguized 
10  the  arm  following  tearing  of  the  artery. 

Diagnosis.  Fraetu res  of  the  humeral  sliaft  are»  as  a  rule, 
recogaized  without  dii^ieulty.  The  deformily  is  usually  so  pro- 
nounced that  the  diagnosis  can  be  made  by  iuspeetion  alone.  As 
soon  as  the  arm  is  manipulated  ihe  point  of  abnormal  mobility 
ij4  apparent  in  almost  all  cases.  Fraeture  of  Ihe  shaft  is  a  common 
fracture  and  is  not  infrc<pirntly  assoeiatt-d  with  injarii-s  to  neigh- 


lA   tUrombofti*   of  the  brftrliliil   jirterj'    m^y    h<i   slow    in    fonnluK   and    when    it    if    the 
fttti^BtloQ  in  the  fiulstt  will  hti  deluded. 


FRACTURES  OF   SHAFT   OF   HUMERUS  11*] 

Treatniexit. — The  treatment  will  vary  according  to  the  location 
of  the  fracture  and  the  direction  and  degree  of  displacement.  It 
is  best  in  most  instances  to  reduce  the  deformity  under  anesthesia. 
Traction,  counter-traction  and  manipulation  will  suffice  in 
many  cases  to  bring  the  fragments  into  proper  apposition  and 
alignment.  In  transvei'se  fractures  with  overriding  (especially 
when  the  ends  are  deeply  serrated),  reduction  can  best  be  effected 
by  producing  angular  deformity  and  manipulating  the  fragments 
in  this  position  until  the  serrated  ends  have  been  engaged.  The 
bone  is  then  straightened  and  appropriate  dressings  applied.  In 
prodneing  angular  deformity  for  the  purpose  of  engaging  the  ends, 
the  arm  should  be  bowed  outward,  to  avoid  stretching  of  the  artery 
and  nerves  which  lie  on  the  inner  side  of  the  shaft.  It  is  usually 
not  difficult  to  effect  reduction  of  a  spiral  or  oblique  fracture  but  it 
is  frequently  impossible  to  prevent  recurrence  of  deformity  in 
breaks  of  these  types  without  resorting  to  internal  fixation.  Out- 
ward rotation  of  the  upper  fragment  in  a  spiral  or  oblique  fracture 
may  act  as  a  serious  obstacle  to  reduction. 

Fractures  of  the  upper  third  of  the  shaft  are  to  be  treated  with 
dressings  such  as  already  described  in  the  Treatment  of  **  Fractures 
of  the  Upper  End  of  the  Humerus''  (page  101),  namely  axillary 
pad,  plaster  shoulder  cap,  cravat  sling,  body  swathe,  etc.  There 
is  this  to  be  said,  however,  in  regard  to  the  shoulder  cap ;  the  lower 
the  fracture  the  greater  the  need  of  extending  this  dressing  down- 
ward to  include  the  forearm.  Coaptation  splints  are  often  used  in 
fractures  of  the  mid<lle  of  the  shaft  though  they  may  well  be  dis- 
pensed with,  as  a  permanent  dressing,  in  favor  of  a  properly  applied 
shoulder  cap.  It  is  a  common  practice  to  treat  the  condition  during 
the  onset  and  subsidence  of  swelling  w^ith  the  axillary  pad,  coapta- 
tion splints,  body  swathe  and  sling.  Later  on  the  coaptation  splints 
are  replaced  by  the  plaster  shoulder  cap  as  a  permanent  dressing. 
In  fractures  of  the  lower  third  the  elbow  should  be  solidly  immobil- 
ized. The  axillary  pad  is  not  appropriate,  and  carrying  the  arm 
in  a  sling  is  entirely  inadequate  to  secure  fixation  if  the  fracture  is 
near  the  elbow.  A  most  satisfactory  method  of  fixation  in  this 
portion  of  the  shaft  is  that  shown  in  Fig.  215  and  is  described  below. 

The  following  may  be  considered  a  fair  example  of  the  treatment 
of  a  fracture  of  the  shaft  of  the  humerus  shortly  following  the  acci- 
dent. The  i)atient  is  placed  in  as  comfortable  a  position  as  possible, 
preferably  the  recumbent,  and  an  examination  made  of  the  parts, 
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t'.  'I' t,  rrriiri'-  .t''  At't'umuAy  as  may  ho  \ho  exsn't  nature  aiuJ  position 
(}\'  th.  jr>ir»iin'.  I'll*'  examination  is  morp  .satisfactorily  carried  out 
iin'K  r  ;tn'vtfK'-^ia.  ft  ^houhl  l>f»  rrni»^mherP(l  that  the  less  the  parts 
;ip'  fnMni[m!;tt»'d  t}i#.  U^-fffT  it  will  be  for  the  soft  tissues  surrounding 
th'-  |>i</</r'.l  <nrls  r>f  tlif.  frairments.  After  the  fracture  has  been 
,\v.MfT)ft<!t"\  ill*'  propor  Hrf^ssinfifs  shonld  be  prepared  so  that  every- 
iliiri'/  ni;r.    Im«  in  r**a«lin*'SH  as  soon  as  reduction  has  be<»n  effected. 


r 


i.'»l.      '^troTnt'.MT    cuKhion. 


It  I-;  M'Millr^s  to  jMJd  that  till*  snrj?»'on  shoubi,  at  this  time,  satisfy 
hinisrir  Hs  to  whii-h  form  oF  drfssintf  will  best  meet  the  requirements 
of  111*'  <'as«'  in  hand.  In  instances  in  which  the  trauma  has  been 
iTKat  if  is  nftiMi  best  to  h»av«»  the  parts  undisturbed  and  to  treat 
tlh*  pati«»nt  ifi  th»*  rrruml;«>nt  position  for  a  week  or  ten  days  until 
:|m'  arntc  intlammatorv   reaction   has  sulmided.     Durinj;  this  time 
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\rin  li>in(l.-i;;i>rl  .iiul  uxiIWiry 
«'<>:ipt.-itii>ti  H|ilints  Mpfiliffl. 
Swath*'  .•Miin-linir   lK»r1>    itml   jH'tinz   n«  Hlinff.      (See  Fi«i».    132  to   142  in 


the  arm  may  he  support(*d  on  a  pillow  and  the  ice  cap  used  to 
•nntrol  the  reaction.  The  Stromeyer  cushion,  or  one  of  its  rooditi- 
•at ions,  may  be  used  to  advantaii^e.  If,  on  the  other  hand,  it  seems 
advisable  to  immobilize  the  arm  at  once  the  following  details  may 

bserv«'(i.     The  arm  and  side  of  the  chest  are  sponged,  dried  and 

.iiistrd  with  talcum  powder,  special  attention  being  paid  to  the 
ixilla.     Au  axillary  pad  is  then  constructed  as  described  on  page 
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100.  Coaptation  splints  are  next  made  by  placing  thin  wood  on 
adhesive  plaster  (eigar-box  wood  is  excellent)  and  splitting  the 
wood  with  a  knife.  The  splint  should  include  as  much  of  the  arm, 
from  the  shoulder  to  the  elbow,  as  possible  without  pressing  into  the 
axillary  fold  above,  or  the  top  of  the  flexed  forearm  below.  The 
portion  of  the' coaptation  splint  on  the  outer  side  of  the  arm  may 
be  longer  than  that  on  the  inner  side.  A  body  swathe  is  next  pre- 
pared of  two  or  three  thicknesses  of  heavy  nnislin.  It  should  be 
long  enough  to  encircle  the  body  and  injured  member  and  broad 
enough  to  extend  from  the  top  of  the  shoulder  to  a  point  below  the 
elbow.  A  cravat  sling  is  then  prepared  and  the  necessary  materials 
are  ready. 

The  axillary  pad  is  placed  in  position  and  secured  with  adhesive 
plaster,  after  which  the  surgeon  is  ready  to  attempt  reduction. 
The  injured  member  is  grasped  above  and  below  the  seat  of  frac- 
ture, and  the  fragments  gently  but  firmly  manipulated  until  the 
senses  of  sight  and  touch  pronounce  the  position  satisfactory.  The 
coaptation  sjilint  is  then  well  padded,  applied  and  secured  in 
position  with  adhesive  plaster.  The  arm  is  then  firmly  placed 
against  the  axillary  pad  and  secured  by  the  body  swathe.  The 
cravat  sling  completes  the  dressing,  or  in  lieu  of  the  sling  the  fore- 
arm may  be  included  in  the  swathe,  allowing  the  hand  to  emerge 
between  the  layers  where  they  are  pinned  together.  This  form  of 
dressing  is  least  likely  to  strangulate  the  arm  during  the  first  week 
of  treatment  when  the  traumatic  reaction  and  swelling  are  in 
progress. 

A  very  satisfactory  method  of  fixation  in  fractures  below  the 
middle  of  the  shaft  is  one  in  which  internal  and  external  plaster 
splints  are  used,  as  shown  in  Fig.  215.  These  splints  are  made  of 
plain  gauze  (from  fifteen  to  twenty  ply)  and  should  be  reinforced 
at  the  elbow  by  the  insertion  of  additional  layers  of  gauze  betw 
the  layers  of  the  splint.  The  external  splint  extends  from  a  po 
well  up  on  the  shoulder,  along  the  back  of  the  arm  and  forearm  to 
the  wrist,  while  the  internal  splint  extends  from  just  below  the 
axillary  fold  to  the  wrist  on  the  anterior  aspect  of  the  upper 
extremity.  They  are  applied  to  the  injured  member  while  wet  and 
rapidly  secured  in  position  with  a  roller  bandage.  The  surgeon 
holds  the  fragments  in  proper  reduction  until  the  plaster  has  set. 
Specific  instructions  should  be  given  to  the  patient  and  his  attend- 
ants not  to  allow  the  splints  to  be  covered  with  clothing  or  bed 
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covers  for  at  least  twenty-four  hours  so  the  plaster  may  hecome 
thoroughly  dried  out.  (.)ne  or  two  folded  towels  should  be  placed 
between  the  arm  and  the  body,  and  a  light  swathe  used  eucircling 
the  eliest  an<l  injured  iiieniher.  The  following  day  the  splints 
should  be  removed  one  at  a  time,  lined  with  a  layer  of  sheet  cotton 
and  replaced.  The  splints  should  then  be  stHJured  in  position  by 
means  of  strii)s  of  adhesive  i)laster  encircling  the  arm.  The  body 
swathe  may  be  iLsed  in  securing  the  arm  by  the  side,  or  strips  of 
adhesive  may  \h*  used  for  this  purposi'.  Sufficient  padding  should 
bt*  placed  in  the  external  splint  in  the  region  of  the  olecranon  to 
avoid  eluding  and  discomfort.  This  dressing  is  quite  secure  but 
re<piires  «aret'ul  wat«-hing  to  avoid  strangulation  when  swelling 
sets  in.  It  is  of  particular  advantage  in  compound  fractures  of 
the  lower  end  of  the  humeral  shaft  sin<*e  the  arm  may  be  perma- 
nently secured  to  one  splint  while  the  other  is  removed  daily  for 
inspection  and  dressing  of  the  wound. 

Aft4*r  the  arm  is  immobilized  (whatever  the  type  of  dressing 
umy  be  i  an  X-ray  should  be  taken,  when  possible,  to  verify  the 
diagnosis  and  to  determine  the  accuracy  of  reduction. 

When  overriding  deformity  cannot  be  corrected  by  solid  engage- 
ment of  the  fractured  ends  weights  may  be  attached  to  the  elbow 
to  control  the  a<-tion  of  the  bicei)s  and  triceps.     (Fig.  214.) 

The  use  of  extension  may  be  indicattMl  in  some  cas<»8  if  employed 
in  the  recumbent  position,  but  as  an  ambulatory  method  it  is,  in 
the  author's  opinion,  entirely  too  haphazard  and  untrustworthy  to 
Ik*  relied  upon,  notwithstanding  statements  to  the  contrary.  It  may 
be  stated  as  a  rule  that  fractures  of  the  shaft  recpiiring  permanent 
extension  to  nuiintain  reduction  should  be  submitted  to  operation, 
and  the  fragments  wirt^l  or  plated  in  position.  If  ambulatory 
exteiLsion  is  employed,  and  fails,  we  have  a  condition  of  deform- 
ity which  we  know  only  t(H>  well  might  have  l>een  prevented  by 
proj>er  operative  inti'rvention. 

Operative  Treatment. — Fractures  of  tht»  humeral  shaft  are  fre- 
(puMitly  of  the  obli«iue  or  spiral  type  ami  a<*i»urate  reduction  is 
often  impossible  without  open  iuci.sion  and  internal  fixation.  The 
frcipiency  with  which  one  set^  ileformity  following  fractures  of 
th«'  humeral  shaft  treated  by  non-o|M-rative  methods,  indicates  the 
value  of  oi>en  incision  in  the  treatment  of  breaks  in  this  region. 

It  is  usually  best  to  appn>ach  the  Imuic  through  an  external  longi- 
tudinal incision  of  sutliriini  length  to  allow  fn*e  access  for  manipu- 
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lation  and  reclu<*tioii.  The  greatest  care  should  he  used  to  avoid 
injury  to  the  nuKseuh (-spiral  nerve  in  Tiuikin^  the  iueision  and  in 
aeroniptishing  rednetion  and  tixation,  L>i\struetitin  of  the  fnnetion 
of  this  nerve  htU  he  more  disastrous  to  the  patient  than  non-uuion 
of  the  fragments  or  union  with  deformity.  It  should  he  kept  in 
mind  therefore  that  it  is  po«.sii)le  for  the  surgeon  to  produce  an 


fijC-  158. — ^Rcmt^eenoirrtt tn  of  Apirxl  fruclure  itf  hutnefUR  after  Iwo  attettipU  at  re 
4ti<Htiini>      R(it»r]r   ftad   lA^teral  dffnnnity   pr«#i«^nt. 

Yig,  ISd. — -Sftni«  cn-t^  dft^tr  operaliou.  bhuwin^  frugni«*iit9  lield  in  r««ducttun  by  two 
wirrm,  Tb«  lower  wir»  enflrrW  llii;  Iwue  while  the  either,  tit  n  higher  IrvnK  pt^netJ-ates 
tiU0  tthftfl  and  MK'urrit  lfrvM*iieu  for  the  hiwrr  wirr. 

injury  whieh  is  far  worse  than  thi*  rondition  whic^i  hi*  is  operating: 
to  eorre4*t ;  aceorditigly  the  eourse  of  the  itiU8eulo-spiral  nerve  shuuhi 
be  thoroui;hly  appreciated  before  operation  in  tins  region  is 
attempted. 

After  the  fragments  liave  heen  expose*!  the  nature  of  the  fracture 
18  accurately  ascertained,  reduction  ai'eonipUfihed  and  the  best 
uietho<l  of  fixation  determined.  Each  ease  nuist  lie  eonsitleret]  hy 
itself,  and  the  nature  of  the  deformity   fully  appreciated   before 
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fig",  l-iCt  nrrl  147, — Viowe  of  the  ftntcHor  and  posterior  Biirfurrs  of  llie  riglit 
nttm^uji.     Tb*«  flrmw*   mdicalu  tln^  pull  of   thn  nttnctifMi   miimOeK, 

O.,    Bf^iiil  "MTUs;    A  jV.,    AnatotiMcnli    rurk ;    X.^V,,    f^urRicj*!    ni(H*k:    h.D..    At 

Un^dfupni    «)f    II,  .    flnrBi;    T.M..    AttnctimtTit    of    the    terei»    major;    CV*,,    C<i>raoo- 

brftfbtfiiUft,   T*  ,    '  H  of  th<>  tricppit:   3^,,   ltxpr«r  tirod   of  the  trireps;   Jlf,S  ,  MuhcuIo- 

•p(id  gftHtvi  ,  /J,  I^ic4)j9tj4l  fftriovii;  Plf..  TnKvrtiui)  of  the  wrtonili»  tnhjor :  f  ,  tnfrn- 
«p4fi*tuii ;  '/' IfiTJ.^  Trfi'n  riiiiHir ;  J*.,  ItiMTtkm  of  th<:>  drttoiU ;  SJ[,,^  iRiiplnntor  lufi]rti»: 
/,'*#<•/*.  Kxt^-nMir  mrpi  riulinti^  lt»n|{|ffr:  f^.  lJro»>vo  for  nlnur  nrrve;  P.K.*  Prnnntwr 
ft4l»  l#r*»*;  r  r..  FleKom  of  Iho  foreumi;  I'O.r,,  J-^xor  rurtM  Hliittria;  Tro.,  Tro«hle»r 
•orfftT^  ol  bumvtiui;   C,  Cttpitdlum;  i;.f\,  ExteiiftorB  of  the  forcArm. 
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Inward  flisplaronioiit  of  nne  or  both  of  the  fragments  may  be  the 
CII1IS4!  of  tueo  ratio  11  or  (*oiii  press  ion  of  the  brarhial  artery  whk*h  lies 
to  the  inner  «ide  of  the  shaft. 

Oreen-stiek  fraetures  are  sekloin  seen  and  multiple  breaks  are 
iineoinmoiK  Direet  vioh^nee  m  usually  r^^spoosihle  for  fratlures  of 
the  transverse  type;  spiral  and  oblique  fractures  are  the  result  of 
twisting  strains.     Must^ular  action  is  espeeially  produetive  of  frac- 


Fig.    148, 


Fig.   148. — Spirnt.  fotnininittf>f1    fracVnr**  of  hiimprat  shaft. 

FIgr.   119.— Frarhirf  **f  pliftfl  wilh  uTerridinjf  iind  rolnry  dcfcM-wiity. 

ture  of  the  humeral  shaft,  and  in  some  eases  (partieuhirly  in  elderly 
persons)  the  degree  of  causative  trauma  nuiy  be  disproportionately 
small.     Impaction  of  the  fragments  is  almost  never  seen. 

The  most  common  seat  of  fracture  is  at  or  a  little  below  the 
middle  of  the  shaft, 

Sjrmptoms,— There  is  pain,  lass  of  function,  crepitus,  abnormal 
ni<»lulity  and  varying  deformity.  Swelling  usually  develops  rapidly 
and  eeehymosis  is  seen  witliin  the  first  day.  The  relative  i»osition 
of  the  fragments  varies  with  the  level  of  the  break  and  has  been 
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explainc'd  iiiider  '*Sur^rirHl  Anatomy/'  page  108.  The  deformity 
18  almost  always  siiflit4pntly  prorioiiiiced  to  be  recognized  by  inspec- 
tion aloiu\ 

The  patient  support r  the  injured  member  with  the  opposite 
fiand  in  a  manner  whirh  is  rliaraef eristic.  (See  Diagnosis  under 
*' Disluj'uf  ions  of  thi*  Siiunld^'i*/'  pnjf*^  6n.) 

'Hie  patient  is  able  to  move  tlie  hand  and  fingers,  and  the  reflexes 
below  thf*  site  of  tbi*  frarlnn^  are  intaet  unless  sotnc  of  the  nerves 
have  bt<  n  injured. 


Fii[   ir>n 
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fTit-   160,— Multiple  *piriil   frnctiirp  of   humcM-iil   ahufl  with  pranounced   defurmily. 
Fif.  151. — Obliqa*  frAeluri*  of  >iiimi*ni«]  ahntl   with  Hcpunitloij  of  fragmenlii.      (Ttik«-u 
ttimtifli  htmxf  Sbri)  spUfit.) 

A  vieakeniDg  or  absence  of  Ihe  radial  pulse  iiidieales  laeeration 
or  eoinpression  of  the  braehial  artery.' 

The  development  of  a  heiuatnina  may  snmetiines  be  recognized 
hi  the  arm  folhming  learing  of  1b<^  artery. 

Dlftgliosis*  —  FraetureK  oT  thf  luniieral  slnift  are,  ns  a  rule^ 
recognized  without  dinieulty.  The  deform ity  is  nsnally  so  pro- 
noimcrd  that  the  diagnosis  nu\  In-  made  hy  inspection  alone.  As 
noon  as  the  arm  is  maniimhited  I  lie  point  of  abnormal  mobility 
in  aj^pureiit  in  Hlmo,««st  all  <vases.  Fraeture  of  ihe  shaft  is  a  eominon 
fniflijri«f  and  l«  not  iiifrr<|uently  aHsoeiat*nl  with  injnrirs  lo  neigli- 


mh* 
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)i«  pubfr  vrttt  be  dctiiji  cd 
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bandages  may  be  removed  and  the  cap  secured  in  position  by  means 
of  a  body  swathe  or  strips  of  adhesive  plaster.  Another  method  of 
securing  the  arm  and  splint  to  the  body  is  by  encircling  both  with  a 
sufficient  number  of  turns  of  plaster  bandage.  Wet  crinolin 
bandage  may  be  used  instead.     When  this  is  done  the  trunk  should 


Fig.    141. 


Fiar.    14'J. 


Fie, 


A.  shows  the  wire  bent  to  proper  form.     B.  shows 


Fig.    141. — Middeldorf  triangle. 

Fig.    142. — The  MonkH  triangle, 
same  padded  and  bandaged. 

Fig.   143. — Osgood- Pcnhallow   splint   for   treatment  of   fractures  of  the  upper  end  of 
the  humerus  in  abduction. 


be  protected  with  sheet  cotton  to  prevent  subsequent  irritation  of 
the  skin.  The  cap  should  cover  the  shoulder  on  all  sides,  and  if 
additional  security  is  desired  it  may  be  made  to  extend  well  onto 
the  chest  both  in  front  and  behind.  In  fractures  of  the  upper  end 
of  the  humerus  it  will  seldom  be  necessary  to  include  the  elbow  or 
forearm  in  the  splint. 
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It  is  well  to  snugly  bandage  the  arm,  forearm  and  hand  with  a 
flannel  bandage  before  the  pad  and  shoulder  cap  are  applied. 

A  method  offering  very  solid  fixation  is  a  plaster  spica  of  the 
arm  and  chest  though  it  does  not  permit  of  frequent  removal  or  easy 
adjustment  during  the  after-treatment.  When  the  spica  is  em- 
ployed the  arm  and  chest  should  be  well  covered  with  sheet  cotton, 
and  after  the  dressing  is  finished  an  axillary  pad  should  be  placed 
ill  position  to  support  the  arm. 

Tlie  cravat  sling  is  called  for  with  any  of  the  plaster  dressings 
about  the  shoulder  except  when  the  forearm  is  included  in  the 
splint. 

It  is  advisable  in  most  cases  of  fracture  of  the  upper  end  of  the 
humerus  to  employ  an  anesthetic  during  examination  and  reduc- 
tion though  it  is  more  satisfactory  to  apply  a  plaster  dressing  when 
the  patient  is  conscious  and  able  to  assume  a  convenient  position. 
When  thti  causative  trauma  is  great  and  the  ensuing  traumatic 
reaction  pronounced  it  is  often  better  to  treat  the  patient  in  bed 
durinj^  the  first  few  days  and  to  delay  the  application  of  a  perma- 
nent dressing.  During  this  time  the  arm  may  be  secured  on  an 
axillary  pad  and  sand  bags  applied  to  the  outer  side  of  the  arm  to 
steady  the  parts.  The  local  and  intermittent  use  of  the  ice  cap 
will  be  of  service  in  controlling  the  inflammatory  reaction.  In  some 
instances  the  patient  will  be  more  comfortable  with  the  arm  resting 
on  a  i)illow.  If  the  suffering  is  great,  morj^hine  should  be  ex- 
hibited. 

Occasionally  cases  are  seen  in  which  reduction  cannot  be  main- 
tained with  the  arm  in  a  position  such  as  assumed  when  the 
axillary  pad  and  plaster  shoulder  cap  are  employed.  Abduction, 
outward  rotation  or  a  forward  displacement  of  the  upper  fragment 
may  require  a  corresponding  position  of  the  lower  fragment  to  keep 
th(*  fractured  surfaces  in  apposition  and  the  fragments  in  align- 
ment. To  meet  the  requirements  in  such  cases  a  number  of  splints 
have  been  devistnl.  The  Middledorf  triangle  maintains  the  arm 
in  a  position  of  partial  abduction  and  inward  rotation  and  is  effec- 
tive in  some  cases  in  preventing  recurrence  of  deformity.  (See 
Kig.  141.)  The  Monks  triangle  liolds  the  arm  in  a  nearly  horizontal 
position  with  the  elbow  carried  forward.     (See  Fig.  142.) 

Hy  means  of  a  plaster  cast  of  the  upper  extremity  and  trunk 
the  arm  may  be  fixed  in  almost  any  position  desired.  Taking  every- 
thing into  consideration  it  is  probably  the  most  satisfactory  form 
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iif  iiiinmbilizatioii  in  iiiHtniHM\s  in  wliich  tlie  arm  may  not  be  treated 
lit  llu'  s'ulv   \wvnnsi*  of  fiis[)lat'eineiit   of  1h(*  u|)p*'r   fragimnit. 

Wlioii  uncoiufortable  and  awkward  powitioiis,  sueh  as  maintaininl 
liy  tho  above  splints^  are  neoessary  to  ke<^p  the  fragineots  in  proper 
rrlntion,  tbe  ipiestioii  of  operation  should  be  considered.  It  in  the 
author *a  opinion  that  most  eases  of  this  kind  (in  which  rediietion 
eannot  be  inidntnined  with  the  arm  by  the  side)  sliouUi  be  operatrd 
upon,  and  \\u'  fragiiient.s  se<'nre<l  in  posttiou  by  diret*t  Hxation, 


tl|5.    144. 


Jrig.    145. 


k 


Fig.  1  14.— P1a»e<«r  c»»t  for  trcaluiem  of  fraHure  of  tln«i  upper  pnd  of  ihi*  bunwru* 
in    nbduetkm.      In    iipttlyinic   tlie   tuitl   thf   huiuf>ru8   mny    b«    tlxea    in   nlmost    iiiiy    i^itslriou 

Fitf  Mr*.—  PliiBl»'r  I'ftJl  for  trenOncnt  of  frnotureft  of  Uie  upper  ei>d  of  the  humrruR 
in  kbdai-litni.  This  vmsi  fixea  Ihi?  hutni^ruH  in  b  poaition  of  greater  outwnrrl  rtti  i 
Uon. 

Operative  Treatment. — Tin*  eases  of  fracture  of  the  upper  end 
of  the  bunierus  in  whirh  operation  is  indieated  are  uiinierous  but 
the  proper  R^eetion  of  tbe8e  cases  requires  the  most  seasoned  surgi- 
cal judgment.  Fractures  in  which  the  displacement  is  pronounced 
and  not  reducible  Ijy  ordinary  methods  sliould  l»e  operated.  Rerur- 
rence  of  deformity  *luring  the  after-treatment  is  ordinarily  an  indi- 
cation for  operative  intervention.  Cases  in  which  the  upper  frag- 
nient  is  abducted,  rotated,  or  displaced  forward  may  l>e  treated 
by  some  form  of  dressing  wbieh  immobilizes  tlie  arm  in  a  position 
eorrespuuding  to  the  deformity  of  the  ujrper  fraginent.  Sucb  dress- 
ings, however,  are  more  or  less  uueom  fort  able  and  iaseeure  and  in 
most  instances  it  will  he  advisable  to  expose  the  fragments,  wire  or 
plate  them  together  and  then  fix  the  arm  by  the  side  with  the 
ordinary  axillary  pad  and  shoulder  eaji  dressing. 
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Tlie  fragnirnts  hit  to  bo  exposed  throutJfli  u  vertical  iiieisiDn  ou 
the  anterior  or  exterinil  asjieet  of  the  Hhoulilen  The  eireuiriflex 
nerve  will  be  found  wijidiiiir  around  the  nurgieal  neek  of  the  bone 
and  shonkl  be  avoided.  It  is  best  to  expose  the  fra^iieuts  by  dull 
disseetion  in  tlie  deeper  ]jart  of  the  wound  uulil  the  nerve  tms  been 
located  arid  isolated.  With  the  fragrments  exposed  the  needs  of  tbe 
case  ar^  determined  and  tile  details  of  the  operation  from  this  time 
on  will  vary  aceordiofj^ly.  Ke<luetioii  of  deformity  is  performed  by 
means  of  extension,  eonnter-extensiou  and  Tuanipnbition,  ami  is 
rendered  easier  by  direet  iuHnj])ulatiou  of  the  flr^agments  when 
neeessary.  The  faet  that  the  frao:uients  uui\'  be  direetly  inspected 
during  tuanijndation  is  of  the  jytreatest  siq-viee  in  eorn*eting  the 
displacement.  If  a  firm  engagement  between  the  fra«ruients  ean  be 
olitnined  by  nmnipnlation  tbe  wound  umy  be  closed  and  the  opera- 
tion concluded;  it\  however^  tben^  is  a  tendency  to  redisidaei-uient 
some  form  of  internal  tixation  must  be  employed.  A  consideration 
of  the  illustration  on  page  KA  will  show  titat  the  strtietnre  of  the 
l)one  above  the  surgical  neek  is  com (i used  of  a  ntde-uieslied  cancel- 
lou«  tissue  covered  only  by  a  very  tbin  biyer  of  eompae.t  hone,  and  it 
is  in  this  formation  that  \evy  little  depemienee  can  he  placed  on 
nails,  pegs,  serewx  etc.  Silver  wire  wjll  atford  the  most  trtist- 
worthy  fixation  and  sbonhl  be  givc^n  the  preference  in  the  region  of 
the  anatomical  neek»  It  is  freipieutly  tbe  ease  that  n  siuiidi-  loop 
of  wire  passing  through  tlie  outer  side  of  tht*  fraiMure  as  shown  in 
Fip.  98  will  secure  a  safe  muI  aeeurate  apposition.  The  Lane 
plate  has  been  used  in  tbe  regicui  of  the  greater  tnl>erosity  though 
it  is  not  reasonable  to  expeel  seeurity  froru  it  when  tlie  screws 
hulding  it  an*  nt^t  i>laceil  in  a  fairly  heavy  layer  of  compact  tissue. 
Accordingly  it  is  of  greater  value  a  little  lower  in  the  bone.  It  is 
nunietinu^s  neeessary  to  exeise  Ihe  head  of  tbe  bone  because  of 
extensive  com  mi  nut  ion,  or  in  old  eases  bei*ause  of  non-union.  It  is 
Well  to  rerui^mber  that  thi-  head  very  rarely  snifers  necr(»sis  follow- 
ifig  sejiaration  from  the  shai't.  Attempts  to  stivc*  the  head  are 
iiMUally  successful  with  aeeurate  apptLsilirui  and  thi'  pro]>er  degree 
of  fixation.  Reduction  and  tixation  of  fractures  of  the  snrgieal 
nrek  are  not  as  a  ruh-  attende<l  by  great  diftieuity  unless  lliere  is 
t*jct«usive  couHuintition  of  the  o[>per  fragment.  When  the  upper 
fragment  is  broken  into  aiauy  [ueeen  it  fuay  be  iuijiossihie  to  eom- 
pirli-ly  restore  the  bone  to  its  original  lines,  A  wire  eneireling  the 
Mrgieal  neck,  with  notches  in  the  bone  to  pi*event  its  slipping  down- 
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ward,  may  be  of  great  value  in  longitudinal  splitting.  It  should 
be  80  placed  as  not  to  interfere  with  the  long  head  of  the  biceps. 
Isolated  fractures  of  the  tuberosities  are  rare  injuries.  Little 
difficulty  should  be  experienced  in  returning  the  detached  tuberosity 
to  its  original  position  and  securing  it  in  place. 

In  epiphyseal  separations  reduction  of  the  deformity  will  usually 
l)e  all  that  is  required,  as  displacement  is  prevented  by  the  projec- 
tion of  the  center  of  the  diaphysis  upward  into  the  epiphysis. 
(See  Figs.  110  and  111.)  Suture  of  the  periosteum  on  the  outer 
side  of  the  bone  will  increase  the  security  of  reduction.  If  a  tend- 
ency to  recurrence  of  deformity  is  present  absorbable  suture 
material  may  be  passed  through  drill  holes  in  the  bone.  Non- 
absorbable suture  material  should  not  be  used  across  an  epiphyseal 
cartilage. 

It  is  well  to  insert  a  small  drain  of  silkworm  gut  before  the  wound 
is  closed  to  relieve  the  joint  of  blood  and  serum ;  this  drain  should 
be  removed  in  from  twenty-four  to  forty-eight  hours. 

After-Treatment. — In  the  average  child  or  young  adult  union 
may  be  expected  at  the  end  of  four  weeks,  while  a  middle-aged 
I)er8on  should  be  allowed  from  five  to  six  weeks  for  callous  forma- 
tion. In  the  aged  union  may  be  much  delayed.  The  acute  swelling 
about  the  joint  will  usually  have  subsided  at  the  end  of  ten  days  or 
two  weeks.  During  the  time  the  shoulder  is  decreasing  in  size  the 
padding  on  the  inside  of  the  shoulder  cap  will  require  frequent 
changing  and  adjustment  so  that  the  cap  may  properly  fit  the 
shoulder.  If  the  swelling  has  been  great  it  may  be  necessary  to 
api)ly  a  new  cap  when  the  shoulder  approaches  the  normal  in  size. 

Tlie  case  should  be  seen  daily  for  the  first  ten  days,  after  which 
(^\ery  two  or  three  days  will  be  sufficient.  The  axillary  pad  some- 
times becomes  loosened  and  is  likely  to  slip  downward  or  back- 
ward, and  if  not  replaced  may  be  responsible  for  a  change  in  the 
I)Osition  of  the  fragments.  Gentle  passive  motion  should  be  begun 
at  the  end  of  two  or  two  and  a  half  weeks  in  uncomplicated  cases. 
I^assive  motion  should  at  all  times  be  gentle,  and  the  production 
of  pain  must  represent  the  limit  of  motion.  The  splints  should 
1)*^  removed  at  the  end  of  four  to  six  weeks,  according  to  the  age 
and  condition  of  the  patient,  and  the  arm  carried  in  a  sling  for 
another  ten  days.  The  patient  should  be  especially  cautioned  not 
to  submit  the  arm  to  any  great  strain  for  the  first  two  months  fol- 
lowing the  removal  of  splints.     Extreme  abduction  is  the  last  mo- 


FRACTURES   OF    UPPER   END   OF   HUMERUS  107 

tion  to  be  regained  by  the  patient  and  in  elderly  persons  it  is  not 
infrequently  lost  permanently.  Should  paralysis  of  any  of  the 
nerves  supervene  during  the  after-treatment  (as  evidenced  by 
wrist  drop  or  contractures)  we  should  lose  no  time  in  exploring  the 
nerve  involved  where  it  crosses  the  line  of  fracture.  The  circum- 
flex is  the  sinjxle  nerve  most  frequently  involved  in  fractures  of  the 
upper  end  of  the  humerus.  End  results  following  operations  on 
the  nerves  cannot  be  expected  inside  of  four  to  six  months  at  the 
earliest.  Atrophy  of  the  deltoid  not  infrequently  occurs  from 
disuse  alone  without  injury  to  the  circumflex.  This  condition  is 
not  in  itself  a  cause  for  anxiety  since  the  muscle  will  regain  its  size 
and  tone  with  use. 

Following  reduction  of  an  epiphyseal  separation  fixation  should 
be  maintained  for  three  or  four  weeks. 

Early  passive  motion  is  of  the  greatest  value  in  fractures  of  the 
upper  en<l  of  the  humerus.  Restricted  motion  in  the  shoulder  is 
often  the  result  of  a  too  prolonged  immobilization.  If  joint  ad- 
hesions are  present  after  union  is  firm  they  may  be  forcibly  broken 
up  under  anesthesia,  but  before  this  is  attempted  the  surgeon  should 
b«»  positive  that  the  callus  is  firm  enough  to  stand  the  manipulation 
without  refracture. 

Prognosis. — The  outlook  in  fractures  of  the  upper  end  of  the 
hiunerus  will  depend  on  the  severity  of  tlie  break  and  the  age  and 
condition  of  the  patient.  A  fair  degree  of  reduction  will  usually 
be  followed  by  perfect  recovery  in  youthful  subjects.  The  older  the 
patient  the  greater  the  probability  of  incomplete  restoration  of 
function.  In  the  aged  non-union  may  follow  in  spite  of  the  most 
perfect  treatment.  In  patients  past  middle  life  there  is  often 
slight  restriction  of  motion  and  pain  about  the  joint  occurring  with 
changes  in  the  weather.  The  range  of  motion  may  be  free  and  yet 
the  shoulder  weak. 

Ii<jss  of  growth  following  epiphyseal  separation  is  an  extremely 
rare  condition  and  need  not  be  expected  if  anything  like  a  fair 
reduction  has  been  accomplished  following  the  accident.  Moderate 
deformity,  if  present,  will  decrease  as  the  years  go  by. 


^ 


(CHAPTER  VIII. 

FHA("rUKKS  OF  THE  SHAFT  OF  THE  HUMERUS. 

Surgical  Anatomy.— To  appreciate  the  deformities  accompanying 
fraetun\s  of  tlie  shaft  of  the  humerus  the  attachments  and  directions 
of  pull  of  the  (liffen^nt  muscles  should  be  known.  (See  Figs.  146 
and  147.)  When  the  line  of  fracture  is  throujrh  the  insertions  cf 
the  pectoralis  major,  latissimus  dorsi  and  teres  major  the  deformity 
is  usually  slight  and  consists  of  an  inward  displacement  of  both 
fragments  so  that  the  deformity  is,  as  a  rule,  purely  angular. 
When  the  fracture  is  Ix^low  the  insertions  of  these  muscles,  but  above 
the  deltoid  eminence,  the  lower  frapnent  will  usually  be  displaced 
upward  and  outward  by  the  deltoid,  while  the  upper  fragment  is 
drawn  inward  by  the  pull  of  the  pectoralis,  teres,  and  latissimus. 
When  the  fracture  is  below  the  insertion  of  the  deltoid  the  upper 
fragment  will  be  displaced  outward.  In  any  fracture  of  the 
humeral  shaft  the  serrated  ends  may  be  firmly  enough  engaged  to 
prevent  lateral  and  overriding  displacement,  and  under  such  cir- 
cumstances the  deformity  is  purely  any:ular  if  present  at  all. 
Shortening  of  the  arm  is  caused  for  the  most  part  by  the  action  of 
the  biceps  and  triceps. 

The  humerus  has  a  wider  range  of  motion  than  any  other  bone 
in  the  body  and  the  varieties  of  strain  to  which  it  may  be  subjected 
are  great.  Accordingly  we  may  see  any  type  of  fracture  common 
to  lontr  bones.  The  shaft  of  the  humenis  is  composed  of  a  heavy 
tube  of  compact  tissue  which  grows  larger  in  circumference  and 
lighter  in  structure  as  the  extremities  are  approached. 

The  musculo-spiral  nerve  supplying  the  extensors  and  supinators 
descends  obliquely,  from  above,  downward  and  outward,  between 
the  two  humeral  heads  of  the  triceps.  It  lies  in  contact  with  the 
bon(»  in  the  muscTilo-spiral  groove  and  in  this  position  is  particu- 
larly exposed  to  injury  in  fractun^s  of  the  humeral  shaft.  It  may 
be  injured  by  dinM't  contusion  and  laceration  at  the  time  of  the 
accident  or  it  may  be  subsequently  cau;;ht  and  compressed  by  the 
callus. 
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Pig.   147, 


Pif»,  Hti  »rd  ti7.— Vli»w«  f»f  thr*  anterior  snrl  iKiJitBrior  surf  Area  of  I  hi*  rtjfhl 
♦iTim*^n«       Th*^  rtrrn^w  {n<1ic4itOi  tb©  pull   «f  Ihfl   ntlnohed   inuncleM. 

'         ►         '  M.'riis;    A.K.,    Anntnnik'ril    fipck;    S,N.,    Stirplfnl    tuM'k ;    LJ}„    Al- 

doml ;  '/If.,  AllJit^hnietit  «f  tlio  t^rt>«  major;  t'?i,,  Oonico- 
I  I  ,if  fTi*.  trii»*»pft:   1"*.,  Tniier  head  of  the  lriPi?p%;   Jf,*^.,  Musciilo' 

ipUkl   4*t»ovi  ,    iJ.,    |;  •vc*;    F.Af.,    Tfrmrrlloii    of   the   pertoruiiH    iiiujor:    /,.    Infrft- 

•pttiMu«;     T,Min,,    T^  £>,,    Iiismrlitm    nf    ihi*    clHtoid ;    S  L.,    Hnpinntor    lonjjrua; 

t  C  JK  J,  ,    R«1«ivtMir   r.i  iiH   Uiti|C>or;    r,,    <ircK»T»*   for    u^naT   nrrvi";    /*7i.,    Frrmtttor 

rtdh  »*^*«;  rr. .  Flcxttfs,  or  UiP  forcftrni :  FC.tJ.,  Klexor  carpi  ultiurit;  rro*  Troctileiir 
■orlftte*  ®f  tiutnerut;   C\,  Capit«?Ui»ra ;   £,F,,  K^itcniors  of  Ihe  forearm. 


4 


no 


PBArTr  RKS    AX[»    niSLOCATIONS 


Inward  displa^oment  of  one  or  both  of  tht>  friigm(^nts  may  he  the 
cause  of  keoration  or  compression  of  the  brachial  artery  whieh  lies 
to  the  inner  side  of  the  shaft. 

Green-stiek  fraetiires  are  seldom  seen  and  multiple  breaks  are 
uncornuion.  Direct  violence  is  usually  responsible  for  fractures  of 
the  transverse  type;  spiral  and  oltlique  fractures  are  the  result  of 
twisting  strains.     Muscular  action  is  especially  productive  of  frac* 


Fiir.  148. 


Fig.   149, 


Tig.  14S, — Bpiral,  rommmii1<*d  frncMir*'  of  hwm^ral  shnft. 

Fig.    140. — Fmflurf  of  slinfl  with  uverritlliiir  mul  rnlary  defcwmity. 

tnre  of  ttie  humeral  shaft,  and  in  some  eases  (particularly  in  elderly 
persons  J  the  degree  of  causative  trauma  may  be  disproportionately 
small.     Impact iou  of  the  fragments  is  almost  never  seen. 

The  most  common  seat  of  fracture  is  at  or  a  little  below  tfie 
middle  of  tli<^  shaft. 

Symptoms* — There  is  pain»  loss  of  funetion»  crepitus^  abnormal 
mobilily  and  varying  deformity.  Swelling  usually  develops  rapidly 
and  ccchymasis  is  seen  within  the  first  day.  The  relative  position 
of  the  fragments  varies  with  the  level  of  the  break  and  has  bi*en 
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explained  under  **Siir*ri<*id  Anatomy/*  page  108.  The  deformity 
is  almost  always  siiffirifntly  prmioiineed  to  be  re<^ogi3ized  by  inspec* 
tion  aloiio. 

The  patient  supports  the  injured  member  with  the  opposite 
hand  in  a  niauD<*r  wliieh  is  LVliaraeteristif.  (See  Diagnosis  under 
**DiHloeation8  of  tht*  Shoulder/'  pag*^  65.) 

The  piitient  is  ai>le  to  move  the  hanrl  and  tinkers,  and  the  refle^tes 
lielow  the  site  of  the  fraeture  are  intnet  unless  some  of  the  nerves 
have  been  injured* 


FlK     ISO 


Flif    151 


l**f.    ISO,— MuJiipl*  spirnl   frueture  of   huiiiMTftl   whttfl   with  pronounced    def<»nniij 
Itf.  151. — Ob1U|iiv  fmciisri?  of  Htimerttl  shuft  with  tippuraticin  of  frnimn'nis.      rrukeii 
ihnmch  hiNiry  fibr<*  «p)ifit,  I 

A  weakening  or  absence  of  the  radial  puhv  indieatrs  lareration 
or  ennipn*«sinn  of  tlie  Israeli ial  arleryJ 

Tile  ch  Vi'hjpnjent  of  a  heniatoriiu  may  soioi'tiines  be  iveognized 
in  the  arm  following  fearing  of  tie'  artrry. 

Diagnosis.  Fraehires  of  the  iiuinc-ral  shaft  are.  as  a  rule, 
roi»ov!ni/.«*d  without  difHculty.  The  drformity  is  usually  so  pro- 
nounced that  the  diagnosis  eau  be  made  by  inspection  alone.  As 
>*oon  as  ihe  arm  is  mani[>olatrd  the  point  of  abnoroml  moliility 
U  upparettt  in  alnumt  ^dl  eases.  Frarturc  of  thr  shaft  is  a  roiomon 
fraeture  nnd  is  not  infrerpii'ntly  assoeiatid  with  injuries  to  neigh- 

1  !•    of   tbd  br&ehlnl    Nrlfry    uirt>    \)€!    iiluw    in    forTiihig   itJitJ    when    it    it    the 

tMt-i  'lie  pYtU#  will  ht  At\nypt\, 
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bDririf?  Ikijips  or  joints.     Tho  sur^'i'on  nliunld  llinvfore  be  system- 
atir  ill  (lis  i'xaiiiiiintioi»  nml  ilrterininr  tin*  rrunlitioiis  of  the  rlavit^'le, 


Vtg.  ITi'l,' — Oblique  frudur*'  of  hiiitnTUS  n  litil<*  below  iU  mifldU'  wilh  ov<»rri<lin::  nn^l 
nntfulnr  r1i!4|>li4CpnH'rit  fif  (he  fraiffi\i<nlft.  fi^prr  fruitmi'ii)  anterior  und  t'xternni  to  lower 
frasrmeiil.  Lrnc  of  frnrtiiro  |tf*«rn'*,  bilow  in^errinri  i.f  ttvlloitt  hfiirc  ihr  ootwarH  dts- 
pltireipi^tit  of  miipfT  fraifnient,  whjl**  l^**  liirfp*  iiiid  Irircj*^  niu>^i*  th**  frnmTO'Hl^  to  ovt'i*- 
rtrilf',  In  thiK  t^  pe  of  frminre  ronsplel**  ri'tiurtioii  in  often  itntKiswible  withonl  ortenvtiVB 
ii>tervf«ntinii.      rhot4<;,^rji |/h    t^tk^-u    wi^tiin    hu    Ikittir    of    Oio    iiriideni. 


Fip.  tri?(.— CruiihiTiir  iiijurj  of  arm.  This  raKe  wax  stnuk  hy  a  fftllinff  wnIL  the 
hiimi>ru»  fraciured  and  tbr  upper  portion  of  arm  ftfreed  tbrougli  rent  in  «jkin.  Skin 
imd  fftflcin  oidy  lissuei*  •'onnecUng'  \iii|ier  and  lower  p[>rtionj%  nt  nrrn.  Arrow  points  to 
lower  end  of  upper  irat^nent  dlreetly  al>nv«  whirh  umy  he  Nepn  tiii  of  bemostnt  hoMiiiff 
end  of  brjirbiiil  nriery.  AtiipiHAtfoii.  Rei-over>\  Photr^cniph  t^iken  while  patient  is 
under    iineRtbeiio   nnd   jubt   prior   lo  oiienitiou. 

scapula,  olhoWy  vWrn,  vU*.^  hf*forR  tln^  diagnosis  ran  bt^  considi'ivd 
eoniplt^te.  An  X-ray  platf  sliouhl  ]w  niadu  to  afford  furtliiT 
information  coneeriiin^^  t!ie  nature  of  tfie  fracture. 
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Treatment. — Tho  tivatmnil  will  var^^  aenordiiig  to  the  location 
of  the  fracture  and  the  diri'etion  and  degree  of  disphicempiit.  It 
is  best  in  most  instances  to  reduce  the  deformity  under  anesthesia. 
Traction,  coiinter-traetion  and  manipulfitinn  will  suffiee  in 
many  cases  to  hring  tlie  fraf^iin'Uts  into  projier  apposition  and 
aligiunent.  In  transverse  fraetiires  with  overriding  (enpecially 
when  the  ends  are  deeply  serrated),  redui^tinn  eau  best  he  effected 
by  prmluein^  aii^ilar  ih^foruiily  and  manipulatiiit;  the  frafjineiits 
in  this  poJ^ition  until  the  serratc^l  ends  have  heeii  enjiaged.  The 
bone  is  then  straightened  and  af)propriate  dre«snms  ajiplied.  In 
prmlneing  angular  deformity  for  tfie  purpose  of  engaging  the  end«, 
the  arm  should  hv  bowed  outward,  to  avoid  stretching  of  the  artery 
and  nerves  whieh  lii*  on  the  inner  side  of  the  shaft.  Tt  is  usizally 
tiot  diffieult  to  efteet  reduetinn  of  a  spiral  or  nl4i(pie  fracture  hut  it 
is  frequently  impoHsibh^  to  juvveut  reeurreuee  of  deformity  in 
breaks  of  the,se  types  willunit  n^sorting  t(»  inter lud  fixation.  Out- 
ward rolalioii  of  the  u])jfrr  fnigment  in  a  spiral  or  oblicpie  fracture 
may  act  as  a  serious  olistaele  to  reduetiou. 

Fractures  of  tlie  upper  tliird  of  tlie  sluift  nre  to  be  treated  with 
dressings  such  as  already  deseribed  in  tlie  Treatment  of  '*Fra<*tures 
of  the  Upper  Em]  of  tlie  Huinenis''  (page  101),  naun^ly  axillary 
pad*  plaster  shoulder  cap,  eravat  sling,  body  swtitbe»  etc.  Tbcre 
is  this  to  be  said,  bowever,  in  regarti  to  the  shoulder  cap;  tlie  lower 
the  fracture  the  greater  the  need  of  extending  this  dressing  down- 
ward to  include  the  fon-anii.  Coaptation  splints  are  ofli'ti  used  in 
fractures  of  tlie  midille  of  tiie  slialt  Ibougb  tliey  uuiy  well  he  dis- 
penaed  with,  as  a  permanent  d revising,  in  fnvor  of  a  pro[>erly  apidied 
nhoulder  cap.  Tt  is  a  eotinnou  praetirt*  to  tre;it  the  conditioji  during 
the  onset  and  subsideaee  of  swelling  with  the  nxilhiry  pad,  eonpta- 
tion  splintji,  iHjdy  swathe  and  Hlin^^  Lalt-r  on  the  coaptation  splints 
are  replaced  l>y  the  fdasler  sboubb-r  rii\*  ns  a  jiermaneu!  dressing. 
In  fractures  of  tlie  lower  third  the  elbow  sfiould  be  solidly  immobil- 
issed-  The  axillary  pad  is  not  appropriate,  and  carrying  the  arm 
in  a  aling  is  entirely  inaderpmte  to  secure  fixation  if  tlie  fracture*  is 
ne«r  the  elhow.  A  nuist  satisfactory  inetbotl  of  hxatiou  in  this 
(portion  of  the  shaft  is  tliai  shown  in  Fig,  215  and  is  (h^seritH'd  below. 

The  following  may  be  considered  a  fair  example  of  tlie  treatment 
(if  a  fraeture  of  the  shaft  of  the  humerus  shortly  following  the  acci- 
dent. The  patient  in  |)laeed  in  as  couifortalde  a  ptTsitirm  as  [jossihle, 
pn^ferably  the  recumbent,  and  an  cxiMiiirration  made  of  tlie  I»art8, 
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to  di  tonnino  as  aoiMirately  as  may  be  the  exact  nature  and  position 
of  the  fraeture.  The  examination  is  more  satisfactorily  carried  out 
uuiler  anesthesia.  It  should  be  remembered  that  the  less  the  parts 
aiv  manipulated  the  better  it  will  be  for  the  soft  tissues  surrounding 
the  jajrjred  ends  of  the  fragments.  After  the  fracture  has  been 
dia^nased  the  proper  dressings  should  be  prepared  so  that  every- 
thing nuiy  b(»  in  readiness  as  soon  as  reduction  has  been  eflfected. 


Stromejor   cushion. 


It  is  needh'ss  to  add  that  the  surgeon  should,  at  this  time,  satisfy 
himself  as  to  which  form  of  dressing  will  best  meet  the  requirements 
of  the  cas<*  in  hand.  In  instances  in  which  the  trauma  has  been 
great  it  is  often  best  to  leave  the  parts  undisturbed  and  to  treat 
the  [)atient  in  the  recumbent  position  for  a  week  or  ten  days  until 
the  acute  inflammatory  reaction  has  subsided.     During  this  time 


FiK.    157. 


Fitr.  1 ').'>. —-Ann  hiindnj^rd   and  axillnry  pud  in  jxisition. 

FijT.  ITjC. — ('(niptntioii    Kplints    appliod. 

V\i:.  \r>l. — Swatlu'  cnrirrline   h<»dy   and   acting  as  slinp.      (See  Figs.    132   to   142   i 
cluhivr. ) 


in- 


the  arm  may  hv  support eil  on  a  pillow  and  the  ice  cap  used  to 
control  the  reaction.  The  Stroineyer  cushion,  or  one  of  its  modifi- 
cations, may  he  used  to  advantage.  If,  on  the  other  hand,  it  seems 
advisable  to  immobilize  the  arm  at  oiiee  the  following  details  may 
b(»  ob.served.  Tlu^  arm  and  side  of  the  cli(*sl  are  sponged,  dried  and 
(lusted  with  talcum  powder,  special  attention  being  paid  to  the 
axilla.     An  axillary  pad  is  then  constructed  as  described  on  page 
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100.  Coaptation  splints  are  next  made  by  placing  thin  wood  on 
adhesive  plaster  (eigar-box  wood  is  excellent)  and  splitting  the 
wood  with  a  knife.  The  splint  should  include  as  much  of  the  arm, 
from  the  shoulder  to  the  elbow,  as  possible  without  pressing  into  the 
axillary  fold  above,  or  the  top  of  the  flexed  forearm  below.  The 
portion  of  the' coaptation  splint  on  the  outer  side  of  the  arm  may 
be  longer  than  that  on  the  inner  side.  A  body  swathe  is  next  pre- 
pared of  two  or  three  thicknesses  of  heavy  unislin.  It  should  be 
long  enough  to  encircle  the  body  and  injured  member  and  broad 
enough  to  extend  from  the  top  of  the  shoulder  to  a  point  below  the 
elbow.  A  cravat  sling  is  then  prepared  and  the  necessary  materials 
are  n»ady. 

The  axillary  pad  is  placed  in  position  and  secured  with  adhesive 
plast(*r,  after  which  the  surgeon  is  ready  to  attempt  reduction. 
The  injured  member  is  grasped  above  and  below  the  seat  of  frac- 
ture, and  the  fragments  gently  but  lirmiy  manipulated  until  the 
senses  of  sight  and  touch  pronounce  the  position  satisfactory.  The 
coaptation  splint  is  then  well  padded,  applied  and  secured  in 
position  with  adhesive  plaster.  The  arm  is  then  firmly  placed 
again^st  the  axillary  pad  and  secured  by  the  body  swathe.  The 
cravat  sling  completes  the  dressing,  or  in  lieu  of  the  sling  the  fore- 
arm may  be  included  in  the  swathe,  allowing  the  haiul  to  emerge 
between  the  layers  where  they  are  pinned  together.  This  form  of 
dressing  is  least  likely  to  strangulate  the  arm  during  the  first  week 
of  treatment  when  the  traumatic  reaction  and  swelling  are  in 
progress. 

A  very  satisfactory  method  of  lixation  in  fractures  below  the 
middle  of  the  shaft  is  one  in  which  internal  and  external  plaster 
s[)lints  are  used,  as  shown  in  Fig.  215.  Th(*se  splints  are  made  of 
plain  gau/.e  (from  fifteen  to  twenty  ply)  and  should  be  reinforced 
at  the  elbow  by  the  insertion  of  additional  layers  of  gauze  betw 
thi»  layers  of  the  splint.  The  ext(M'nal  splint  extends  from  a  p(? 
Well  up  on  the  shoulder,  along  tht»  back  of  the  arm  and  forearm  to 
the  wrist,  while  the  internal  splint  extends  from  just  below  the 
axillary  fold  to  the  wrist  on  the  anterior  aspect  of  \\w  u|)per 
HXtreniity.  They  are  applied  to  the  injured  member  while  wet  and 
rapidly  s(»eured  in  position  with  a  roller  bandage*.  The  surgeoti 
holds  the  fragments  in  proper  reduction  until  tlh»  plaster  has  set. 
Specific  instructions  should  be  given  to  the  patient  and  his  attend- 
ants not  to  allow  the  splints  to  be  covered  with  clothing  or  bed 
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covers  for  at  least  twenty-four  hours  so  the  plaster  may  become 
thoroughly  dried  out.  One  or  two  folded  towels  should  be  placed 
between  the  arm  and  the  body,  and  a  light  swathe  used  encircling 
the  chest  and  injured  nieiuber.  The  following  day  the  splints 
should  be  removed  one  at  a  time,  lined  with  a  layer  of  sheet  cotton 
and  replaced.  Tlie  splints  should  then  be  secured  in  position  by 
means  of  strips  of  adhesive  plaster  encircling  the  arm.  The  body 
swathe  iimy  be  used  in  se(*uring  the  arm  by  the  side,  or  strips  of 
adhesive  nmy  be  used  for  this  purpose.  Sufficient  padding  should 
be  placed  in  tlie  external  splint  in  tlie  region  of  the  olecranon  to 
avoid  chafing  and  discomfort.  This  dressing  is  quite  secure  but 
requires  careful  watching  to  avoid  strangulation  when  swelling 
sets  in.  It  is  of  particular  advantage  in  compound  fractures  of 
the  lower  end  of  the  luuneral  shaft  since  the  arm  may  be  perma- 
nently secured  to  one  splint  while  the  other  is  removed  daily  for 
inspection  and  dressing  of  the  wound. 

After  the  arm  is  immobilized  (whatever  the  type  of  dressing 
nmy  be)  an  X-ray  should  be  taken,  when  possible,  to  verify  the 
diagnosis  and  to  determine  the  accuracy  of  reduction. 

When  overriding  deformity  cannot  be  corrected  by  solid  engage- 
ment of  the  fractured  ends  weights  nmy  be  attached  to  the  elbow 
to  control  the  action  of  the  biceps  and  triceps.     (Fig.  214.) 

The  use  of  extension  may  be  indicated  in  some  cases  if  employed 
in  the  recumbent  position,  but  as  an  ambulatory  method  it  is,  in 
the  author's  opinion,  entirely  too  haphazard  and  untrustworthy  to 
be  relied  upon,  notwithstanding  statements  to  the  contrary.  It  may 
be  stated  as  a  rule  that  fractures  of  the  shaft  requiring  pernmnent 
extension  to  maintain  reduction  should  be  submitted  to  operation, 
and  the  fragments  wired  or  plated  in  position.  If  ambulatory 
extension  is  employed,  and  fails,  w^e  have  a  condition  of  deform- 
ity which  we  know  only  too  well  might  have  been  prevented  by 
proper  operative  intervention. 

Operative  Treatment. — Fractures  of  the  humeral  shaft  are  fre- 
quently of  the  oblique  or  s])iral  type  and  accurate  reduction  is 
often  impossible  without  open  incision  and  internal  fixation.  The 
frequency  with  which  one  sees  deformity  following  fractures  of 
the  humeral  shaft  treated  by  non-op(*rative  methods,  indicates  the 
value  of  o|)cn  incision  in  the  treatment  of  breaks  in  this  region. 

It  is  usually  best  to  approach  the  bone  through  an  external  longi- 
tudinal incision  of  suHicient  lenirth  to  allow  free  access  for  manipu- 
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latioii  and  rt*dLU'lio(i.  Tin'  ^i'*''**^'^*  t*ar*^  should  he  used  to  avoid 
injury  to  tlie  iimst'iilo-.spiral  iinrve  in  viiakin^  tln'  in<*isiou  imd  iu 
accomplishiug  reduction  ainl  tixation.  Destruetiou  of  the  function 
of  this  nerve  vvill  be  more  disastrooH  to  the  juitient  Ifmn  non-union 
of  the  frag-iiientH  or  union  with  defoi'ioity.  It  sliuuld  he  keid  in 
mind  therefore  that  it   is  possible  for  the  surgeou  to  produce  an 


Fig    l-'iH. 


Fi«.  isn. 


Vit,    l5H.^R^intg«*ntjKT«tn   of    hi»'»'»l    frsirture   of   hurupruK   afler   two   Htfetiipts   lit    rr 

I  I  II    ca»«"   titu*r   opHPHtiun,   «hi>\vinj7  fritinntMilH   helH   in   redurtiau  by  two 

»«r  ,vir»t  fiirkrrlf'H  Uih    Ikmip   wbilti   ihr  uluer,    tit   li   liijifher   levels   penrtrat^ii 

tii»»  .-vs  lt'Vi>ruKL*  for  Ow«  )i»wer    wire, 

injupy  which  m  far  worse  than  tlie  eoutlirion  \\1neh  he  is  o|»eraliiig 
to  correct ;  aeeordingly  the  course  of  t\w  roiiseulo-spiral  nerve  should 
\h*  Ihoriuiuiily  *»pprreinted  Ind'ore  np*>ration  iii  this  region  is 
attefupled. 

After  tile  fragments  liave  been  exi>osed  the  uahnv  of  the  i'raeture 
i*!  Hi'eunitely  aseco'tained,  reduetiou  aeeoniplished  and  the  best 
methcNl  of  fixation  tleterniiried.  Eaeli  ease  nutst  be  eonsidered  by 
itaelf,  and  the  nature  yf  the  deformity   fully   appreciated  before 
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jloyecL     Lateral    displac 


and 


^internal    fixation    is 

g  dt^fortuity  in  spiral  fractures  can  usually  be  prevented  by 
a  wire  eneircling  the  sliaft  and  ineludiug  botli  fragments,  (See 
Pigs.  158  and  159.)  A  Sf^i^ond  wire  is  then  placed  a  short  distanee 
from  the  first  to  secure  flie  proper  leverage  in  preventing  angular 
deformity.  In  passing  the  eireular  wire  about  the  shaft  some  form 
of  liofjk  (sueh  as  shown  in  Fig,  iS26 )  shoiikl  be  used  to  avoid  iaeUid- 
ing  the  musculo-spiral  nerve.  The  Lane  jdate  has  been  used  in 
this  region  with  most  satisfying  results  and  has  much  to  commend 
it  (see  page  766), 

After-Treatment— The  aflcr-eare  of  fraetures  of  the  luimi^ral 
shaft  is  as  important  as  reduetion.  The  bone  is  deeply  seated  and 
(litlicult  to  immobilize  and  the  dressings  require  daily  inspection 
and  adjustment  during  the  first  t**n  days,  I'udue  eonstrietion  of 
Hie  parts  most  be  avoided  and  still  the  dressings  must  he  tight 
i^uougli  to  properly  support  and  immobilize  the  arm.  In  other 
words,  the  arm  is  ehanging  in  size  bef*ause  of  the  swelling,  and  tlie 
dressings  must  be  made  to  vary  ari*ordingly,  so  they  may  fulfill 
their  proper  function.  When  fixation  is  satisfactory  union  shoubi 
be  present  at  the  end  of  four  weeks  in  children,  and  in  from  6ve 
to  gix  weeks  in  adults.  The  older  the  patient  the  slower  the  bone 
will  be  in  uniting.  After  the  removal  oC  splints  the  arm  should  be 
carried  in  a  sling  for  unotlter  two  or  three  weeks.  Massage,  early 
pattive  fiioiion  and  liot  applications  will  hasli-ri  the  restoration  of 
function.     The  arm  should  not  be  subjt'et**d  to  exeessive  strain  for 

,  three  to  four  months  following  the  injury. 

Prognosis, —  In   ehildren  and  healthy  young  adults  the  restora- 

[lion  of  funetion  should  be  rapid  and  complete,  if  proper  reduction 
and  imniobili/4ition  have  been  carried  out,  and  union  is  usually  firm 

lal  the  end  of  four  weeks.     In  adult*;  fiv*^  to  six  weeks  is  necessary. 

[Non-union  is  more  eonunon  here  than  in  any  other  boue  in  the  body, 
and  is  usually  tlup  to  incomph*te  rc<luetion  or  hick  of  proper  im- 

liriobilization.  Laceration  of  Ui«'  nuiseulo-spiral  nerve  at  the  time 
ftf  injury  will  l»e  followed  by  paralysis  and  contractures,  if  not 
ftXpiMed  «nd  repaired,  Evm  wheu  the  enils  are  united  recovery  is 
lioufl  and  often   ineomjdete.     The   dLVclopment   of  paralysis   of 

hhin  nerve  during  the  after-treatment  may  be  doe  to  compression 
l»y  the  callu8  and  uideaa  relieved  by  operation  gives  a  bad  prognosis. 
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CHAPTER  IX. 

FH Ai^TTHES  OF  THE  LOWER  END  OF  THE  HUMERUS. 

Surgical  Anatomy. — Tlu*  lowrr  end  of  the  Iiihiiitlis  articulates 
with  two  l)oiit*s;  tile  ty|N\s  of  thesi^  iirtirulntioiLs  are  eutirely  ilitfcivnt 
and  fhe  frat'tures  oi'curriiii.'  in  this  rei^ioii  are  eoaiplex.     The  lower 
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»ljU;   r,,  eM|*H»thim;    T.  iroihle-n. 

Fiir    ln5.-'t4«»vki^i-  I'ud  of  Wt  l)uin<*ruK  ft^ftti   from  below.     T.^  troehW;   C,  capiiel- 

F(f.    Iilfl.— MevtRl   B»>p«ft  of   lowvr   ritU  of  Irft   liuxiients.     J-S.^  iRternal  flpicondfle ; 


iiul  of  the  t>oiu^  I'lirvf^  forward  and  is  flattened  from  before  back- 
Nsanl  The  artieular  surfaees  imiy  W  deseribed  roughly  as  a 
eyUnder  maumed  on  the  lower  end  of  the  shaft,  with  the  axis  of  the 
eylimler  nearly  transverse  la  the  long  axis  of  the  shaft.    The  outer 
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end  of  the  i\vlindi'r  is  at  a  slio^litly  liigher  levi'l  tlian  the  inner  etui. 
When  the  i*lhow  is  fully  exteiideil  the  arm  and  forearm  are  iJc>t  in 
llie  same  straiM:ht  line  but  form  an  angle  of  about  170  decrees* 
The  JirtVreJjei*  between  this  an^le  and  a  straight  Hue  is  10  defp*ees, 
half  of  which  is  eaused  bv  the  olili(|ui!y  of  the  artieular  surfaces  of 
tlip  lower  end  of  the  humerus,  wlule  the  other  half  is  the  result  (d' 
the  position  of  the  bones  of  the  forearm.  In  complete  extension, 
therefore,  we  have  the  ** carrying  angle*'  while  in  complete  flexion 
the  forearm  comes  in  eontact  with  and  folds  directly  upon  the  arm. 
When  the  fragments,  in  fractures  of  the  lower  end  of  the  humerus, 


Y\g.    l^%. — ''*Cr«iBerntic'*    frftetarf   of    luw*'r    end    of    ItuinmiH    wilh    imtrc    iirniiMiitired 

lire  allowed  to  unile  in  di'loruLity  I  here  may  he  a  distiirhancr  in 
thr  carrying  angle  wliicli  is  aiipai-ntt  whvu  I  he  arm  is  exiendtnl, 
and  iu  addition  th«*re  may  also  hi'  a  defocnnty  in  whirh  the  IVnr- 
arm  dot's  not  fohl  directly  against  the  arm  in  acute  flexion,     Tlw 

'  i*arryiog  angle  varies  considerably  in  ditrcrml  indiviiiuals  itnd  the 
^lauiinatiou   should  therefore   include   coinpju'isnn   with   tln'   nnin 
jured  id  bow, 
A  eertain  amonid  of  hyperextension  is  normal  in  the  elhovv\  and 

1%  raoatis  of  this  position  longitudinal  slnvss  nuiy  he  Ijorne  liy  the 
Upper  extrennty  independently  of  the*  extensor  muscles,  the  action 
r^iieinbiiiig  that  seen  in  the  knee  when  the  joint  is  hyi>erextended. 


122 


FRACTITRES   AND   DISLOCATIONS 


The  lower  end  of  tfie  hium^'us  is  dcKerviiig  of  <lt'tailft]  eoiisklt^ra- 
tion  so  that  the  IVaelures  oec-urriiijj:  in  this  portion  of  thr  }>one  uniy 
be  more  thoroughly  understood. 

Tlie  extt^rnal  eondyle  ( epicoiidyle)  is  a  small,  tuhereuhir  eiiiinent-e 
situated  just  above  and  a  iittie  external  to  the  eapitellum.  It 
airords  attat'luiient  to  the  external  lateral  ligament  and  some  of 
the  extensor  and  MUianator  muselps  of  tlie  foreann.  It  is  rarely 
fraetured  witliout  at  least  a  portion  of  the  eapitelluni  being  ineluded 
witli  the  fragment. 

Tile  eaphrlhun  h  the  rounded  eniinenee  oeeupying  the  outer 
part  of  th«'  arlieular  surface.     It  artieulates  with  the  head  of  the 


rii:.  i«n. 


FiiC-  MtW. — ViTttfiil  frttcturt*  uf  lower  rud  of  huiui-rui*  KcpnrAtiag  t*nt«*rnnl  coiulyli? 
from  remnindt^r  of  bone. 

Fig.  170. — Frarturt^  of  the  *!Xt6Timl  ooiidyle  with  lAlernl  di«plmct»ment  of  frlbow, 
Frat'turp  gf  the  olecrAiiou  present  but  not  diMcerniblei  from  this  angle. 


radius,  and  is  rarely  injured  exeept  when  involved  in  some  of  the 
more  eomraon  fraetures  of  the  external  condyle.  The  radius  artic- 
ulatfr-H  htdow  with  the  earpiis  luid  ahove  with  the  eapiteltiim,  antl  in 
falls  on  the  liantl  violenee  is  transmitted  directly  to  the  eapitelluni 
through  tlie  radius.  This  type  of  violence,  however,  is  much  more 
likely  to  ]jroduee  Colle's  frtieture  or  a  break  in  the  shaft,  neek  or 
head  of  the  radius.  The  obliquity  of  tlie  fibres  of  tlie  interosseous 
ligament  enables  the  ulna  to  absorb  a  portion  of  the  shoek  when 
violenet*  is  sustained  in  tliis  way.  The  eapitelluni  oeenpies  only  the 
front  and  lower  part  of  the  bone. 

The  inner  portion  of  the  artieular  surface  is  taken  up  b^^  the 
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trochlea  which  articulates  with  the  greater  sig-inoid  cavity  of  the 
ulna.  It  pri'st^iits  a  i^roiioiineed  groove  running  fi'oin  hefore  hack- 
ward  wliipfi  is  Imunrird  oi^  eithi^r  mh^  by  prominiTit  ridges,  the 
inner  lx*ing  tlir  nutst  rnnrktHl  und  extending  to  a  lowi-r  Icvd.     The 


Fig.    171. 


riK.  112. 


Vl$.  171.— Tfrnrtiir«»  nf  lowor  pntf  of   hnniprus,      Pronounrpd   inwnrcl  ond  barkwArd 

fltf     IT2 — ' 'OtrM'rttllr' '    fr<Bclur(?  ui  Inwi-r  end  ot  humt-nis  with   liih'ral  und   buck- 
»ird  clMplnrtfinciil    of    Inwrr    frnjcwrnt. 


i 
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Fitf.   i7:t. 

T^    173. — Sniirfto^ndyUr   frmfare   wilh  proiiMUTHiil    iiiHnrd    ntul    litirkward    lifl(ilufii* 
iBpBt  or  lo«-«»r  fmiciuf'iit. 

Fif,   17i. — iinmri  en**!  »ft*r  reduction. 

trochlea  is  slightly  spiral  so  that  the  posterior  end  is  a  little  external 
to  ihr  anterior  extremity.  Jtist  al>ove  the  anterior  end  of  the 
trochlr^a  iH  situated  the  <'on)riuid  fossa  which,  during  Hex  ion  of  the 
'-Uk>w.  reeciv*»«  the  proceas  on  tlie  ulim  of  the  same  name.     On  the 
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posterior  aspect  of  the  bone  in  the  same  eorresponding  pasition  is 
found  the  oleeniiion  fossii.  These  two  fossa^  are  ordinarily  sep- 
)i rated  liy  only  a  tliin  hiyrT  of  bone  niid  \vlif*n  the  depressions  are 


Fig.    175 


Fix.    175. — "Crf  Arctic  if*"    frKilun-    wiih   butUwHTd   and   rotary   disijlncem^nt 

Fig;.   17<i. — Fracture  of   hiwt^r  trid   of   humerus    with   hmckward   &«**    rotury   dispUee* 


Fill.    177  Fisj,    178. 

Fi|f,  177 — Fracture  of  lowfr  end  of   hum<*rui!i.     Drformity  not  api>arent  in   Ki!it<pro» 
pu«terit»r   view. 

Fig.    178- — Same   t'»Re   Been   lttt«riilly.      Stip;ht    hiiekward   diwpliiri^mrnt    of   lowi*r   frnic 

well  iiiarket!  the  bone  may  bf  perforated,  forming  thr  sn]>raeoiidylar 
foramen.  These  two  fossa*  materially  weaken  the  const  met  ion  of 
the  lower  end  of  the  humerus  and  are  usually  entered  by  transverse 


FRACTURES   OF    UlWKR   KK1>   UP    HllMKRI  S 


12ii 


fractiire-s  in  this  region,  and  by  vertif-al  fraetureH  involving  the 
articnlar  surfaces. 

The  iDternal  eondylo  (epitrochlea)  is  rnneh  mon^  [^ruiniiji'nt  ami 
larger  Umii  tli<^  external  enndyle,  and  affonls  att^^elniient  to  the 
internal  lateral  li^^airient  and  sorue  of  tin*  pronators  and  flexors  of 
fhe  forearm.  It  ih  more  easily  broken  than  the  external  eondyle. 
Dirt^etly  bt^liiitd  tfiis  jirocess  is  a  irroovi*  for  tlie  iihinr  n<^rvc  wliieli 
is  not  infivqnmtly  injnred  in  frartiii-cs  of  the  interrnd  eundylr. 

The  manner  in  whieh  the  lower  epiphysis  of  the  hnnierns  i« 
08si6ed  is  of  iniportanee  in  explaining  epiphyseal  separations  in 
this  region,  tbougJi  the  resnltant  eonditions  are  treated  in  a  itianner 
sittiilar  ta  fraetures  of  the  same  parts.  At  birth  the  epiphysis  is 
entirely  eartilagiuons  and  throws  no  shadow  nnder  the  X-ray, 
while  the  lowu^r  end  of  the  diapliysis  is  rounded.     (See  Kig.  251.) 


Fig.    170, 


ru.  i«a. 


f*if,   179. — Epipliywtil  i«^irtr»tuin  ftf  (^pitriirblcN, 
Pig,    IdO, — Ljitf>riit  view  of  *.iiin««  mat'. 

Before  the  end  of  the  first  yrar  Ih*'  r(*iiti"r  for  the  ra|iiti'lhnn 
m*iki*>;  its  appearanee.  At  the  sixth  year  tht*  f*('nter  for  the  internal 
condyle  18  seen;  dnriJig  the  ebntiitb  year  the  troehh-a  bi-^ins  to 
ocssify  and  the  eenter  for  the  i^xternal  condyle  is  tirst  seen  <lnring 
the  twelfth  year,  Tlie  on1er  three  enntf^rs  nsnally  fus<*  wifh  eaeh 
other  and  join  tlie  liiaphysis  dnring  the  fifteenth  year,  before  the 
center  for  the  epitroehlea  beeonies  efnitiiinons  with  either  epiphysis 
or  diaphysia.  The  internal  eondyle  joins  the  r^st  cif  the  bone  at 
alw>ut  the  eighteenth  year.  Dnring  the  latter  |>art  of  the  develop- 
ment of  the  lower  end  of  the  humerus  tln!  diajdiysiH  is  seen  to 
project  progresjfively  further  info  the  epiphysifj  so  that  it  comes 
nearly  to  the  surfaee  between  the  eenters  fur  the  interna!  epieoridyle 
and  troehlea.  The  order  in  whieh  these  eenters  join  the  shaft  and 
tks  thinning  of  the  epijihysis  between  the  troehlea  and  internal 
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epieoiitlvle  aecourit  for  tbu  ri'lati^e  frt'(iur*ney  of  opipliyseul  sep- 
rations  of  the  internal  epieondyle. 
The  ligaments  about  the  elliow  play  an  important  part  in  pm- 
duetion  of  fraotures.  AVith  tlic^  elbow  partially  Hexed,  ahdnetiou 
or  addnetion  i»f  the  forearm  jiroduees  nitation  of  the  humerus* 
With  the  elbow  fuU^^  extendt*d,  however,  there  is  practicaUy  no 
rotary  effeet  on  the  Immeriis  hut  instead  extreme  tension  is  pro- 
diieed  on  one  of  the  lateral  ligaments.  If  the  forearm  is  abdueted 
the  head  of  the  radius  is  for<*ed  against  the  capitelhnn  and  the 
internal  lateral  ligament  is  plaeed  under  tension.     If  th(*  vioh-nee 


I  »«.    181 


Fin;.    182. 


Fit.   18 1, — Fracture  of  iiilt^rntil  «'picornl>i<?. 

Fif»  182. — SeporRlion   ©f   i«pipliy»is   of   pxtiriml   coniljrl*?. 

Fif.   188.— Sepnration  of  I'piphyKib  of  internal  rpicondyle. 


In  mirtleirnt  tin-  eapitellum  is  fraetiired,  or  the  hone  supporting  it  is 
broken  olT  from  the  remainder  of  the  lower  end  of  the  hnmems, 
Inwtrjid  of  eitlier  of  these  lesions  tlu>  internal  lati^ral  Ugaiaent  nmy 
KulTiT  rui)ture,  or  an  i^fjuivalect  fraeture  of  tin*  internal  epieondyle 
or  troehlea  may  take  plaee.  When  the  elbow  is  extended  and  the 
forrarm  forcibly  addueted  the  reverse  mt^ehanisin  obtains. 

If  the  forrarui  is  forcibly  extended  beyond  the  normal  limiia' 
iionM  of  motion  the  usual  result  is  either  rupture  of  the  ligaments 
f»r  fracture  of  the  lower  end  of  the  bnuierus,  with  baekward  dis- 
ijhifcrin'nt  of  tint  fragment,  A  nuieh  more  execptionnl  frndure  is 
Mfie  produced  by  exlrt  lae  flexion. 

The  iypes  of  fraeture  occurring  in  tlie  lower  end  of  the  humerus 
nri^  numerous,  and  have  for  tiie  most  part  been  named  according 
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internal  fixation  is  employed.  Lateral  displaceraent  and  over- 
riding deformity  in  spiral  fractures  can  usually  be  prevented  by 
a  wire  encircling  the  shaft  and  including  both  fragments.  (See 
Figs.  158  and  159.)  A  second  wire  is  then  placed  a  short  distance 
from  the  first  to  secure  the  proper  leverage  in  preventing  angular 
deformity.  In  passing  the  circular  wire  about  the  shaft  some  form 
of  hook  (such  as  shown  in  Fig.  826)  should  be  used  to  avoid  includ- 
ing the  musculo-spiral  nerve.  The  Lane  plate  has  been  used  in 
this  region  with  most  satisfying  results  and  has  much  to  commend 
it  (see  page  766). 

After-Treatment. — The  after-care  of  fractures  of  the  humeral 
shaft  is  as  important  as  reduction.  The  bone  is  deeply  seated  and 
difficult  to  immobilize  and  the  dressings  require  daily  inspection 
and  adjustment  during  the  first  ten  days.  Undue  constriction  of 
the  parts  must  be  avoided  and  still  the  dressings  must  be  tight 
enough  to  properly  support  and  immobilize  the  arm.  In  other 
words,  the  arm  is  changing  in  size  because  of  the  swelling,  and  the 
dressings  must  be  made  to  vary  accordingly,  so  they  may  fulfill 
their  proper  function.  AVhen  fixation  is  satisfactory  union  should 
be  present  at  the  end  of  four  weeks  in  children,  and  in  from  five 
to  six  weeks  in  adults.  The  older  the  patient  the  slower  the  bone 
will  be  in  uniting.  After  the  removal  of  splints  the  arm  should  be 
<*arried  in  a  sling  for  another  two  or  three  weeks.  Massage,  early 
passive  motion  and  hot  applications  will  hasten  the  restoration  of 
function.  The  arm  should  not  be  subjected  to  excessive  strain  for 
three  to  four  months  following  the  injury. 

Prognosis. — In  children  and  healthy  young  adults  the  restora- 
tion of  function  should  be  rapid  and  complete,  if  proper  reduction 
and  immobilization  have  been  carried  out,  and  union  is  usually  firm 
at  the  end  of  four  weeks.  In  adults  five  to  six  weeks  is  necessary. 
Non-union  is  more  common  here  than  in  any  other  bone  in  the  body, 
and  is  usually  due  to  incomplete  reduction  or  lack  of  proper  im- 
mobilization. Laceration  of  the  musculo-spiral  nerve  at  the  time 
of  injury  will  be  followed  by  paralysis  and  contractures,  if  not 
exposed  and  repaired.  Even  when  the  ends  are  united  recovery  is 
tedious  and  often  incomplete.  The  development  of  paralysis  of 
this  nerve  during  the  after-treatment  may  be  due  to  compression 
by  the  callus  and  unless  relieved  by  operation  gives  a  bad  prognosis. 


CHAPTER  IX. 
FRACTURES  OF  THE  LOWER  ESD  OF  THE  Hl'MEBUS. 

Surgical  Ajiatomy.— The  bwrr  rad  i»f  the  bmiMfui  artieolaMJ 
mtii  tw<i  buno ;  the  tyiaes  of  thtm  mftkolatiom  sf^  «filtrelj  diffto^nl 
And  tile  frwtnra  oeenmiig  ia  tkm  icgmi  af«  eomplex.    The  loiper J 
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Tpaction  followiiiii  fraf'tuivs  of  the  lower  end  of  tJie  hiiinonis  is 
usually  pronoLineed,  and  a  few  day«  following  the  aeei*letit  the 
region  of  the  elbow*  may  hv  eovt^red  with  blebs  eontaining  blood 
or  serum,  Eeehyinosis  usually  devvlopg  within  twelve  to  twenty- 
foiir  hours  and  may  be  extensive.  The  loss  of  funetion  is  usually 
complete  following  transverse  fractures  or  those  whieli  involve  the 
articular  surfaees.  In  isolated  fracture  of  either  the  epieondyle  or 
epitroehlea  the  loss  of  function  may  l)e  sur|n'iaingly  slight.  The 
patient  will  be  able  to  use  the  elbow  to  some  extent  though  of  course 
the  action  of  the  part  is  somewhat  limited  by  pain. 

The  symptoms  peculiar  to  the  different  fractures  in  this  region 
will  be  eonsidtTcd  in  detail. 


Fif.  1^4,^ — Frftciurc  nf  r\l*»rn«l  *>i*irMiKlyU»  wilb  utmnrd  dmnln^'iTiK^iK  of  frfigvniuii. 
Prom\nt^nt*  on  mitrniil  ■A(H*f1  of  I'lbow  «iiKKPstirf> ;  pnlpntion  rt^vi^itlK  f rttRmfiil.  .It>i>nt 
la   ittlRH,  th«r«  hdinf  no  invulvc^mvnt  of  Hrti^'uhir  eiirfnce.     0>r»ditii>«   rnre. 

Fractures  of  the  epicotuh/li  (fractures  in  which  tin*  joint  is  not 
rntered  and  the  capitellutu  rcmaius  intnct)  are  extremely  rare  and 
thtt  KVinptoms  an*  not  pronounced-  ^loderate  local  swelling  and 
t<*ndemesa  in  the  region  of  the  external  condyle  is  present.  The 
frngment  may  remain  in  position  or  nu»y  be  displaced  in  any  direc- 
lion.  When  defornnty  exists  the  fragment  is  usually  displaced 
downward.     The  detached  particle  of  bone  can,  as  a  rule,  be  directly 
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palj)ati*<l  ciijfi,  if  tlip  fnic'tiirrd  surfaces  fan  he  rubbed  together, 
crepitus  will  he  uotrd.  Civpitus  may  he  difiieult  to  elicit  if  the 
fragmeDt  is  not  rlisplaced  and  the  swelliiig  is  pronounced*  De- 
tachitKjnt  of  ihe  t'pieoiidyb'  will  destroy,  to  a  t^reater  or  less  extent, 
\h('  fuju'ium  of  the  ext*^nijil   hit<*ral   li*fanii'nt  anil  aivordin^ly  the 


KitfM.  Ih:*  jinfl  IHii. — T\My  \u*wt-  <»f  ii  frartiirp  at  lower  viul  «jf  hii«it»ruR  willi^^ut  ihe 
rlmimrti'iriNtif'  tim-kwurd  <Uj^i»l4iirtuiH*Ml  «if  I<iW*t  fra^uitMit.  N»tt*  pnniiiiu'un*  of  «»xtrrna] 
*'\tic*m4y\v  which  i*  4i'i«r>uiL  Th**  ioliM  n-iiiniriM  iiitiit-i  nnti  heiin'  ihf  nb-y^nce  nH  de- 
formity »neh  mx  fivcn  in  Fi|Ei.   IKK  msd   lH*i, 


Fi«.  1H7. —  SiilUtinif  of  lower  fnd  of  humeniR  with  Kepjirnticin  of  itxteruftl  cniidjJe. 
iiuu-Rtopk  di'fortnity  and  nhnnriniil  IntiTAl  mahillty,  Pit:l«re  tHk«*n  a  few  hmir»  foUow- 
ing  acddent. 

lateral  stability  of  the  elliow  may  be  some  what  diiitnrbed.     A  vary- 
iMtr  dt'^reu  of  abnormal  adtbiflion  of  the  elbow  is  often  possible, 

Fffh  ttn'(s  fff  ihf  trtcrnal  cofidtjlt  ( vertical  fraetures  which  enter 
the  joint  and  include  the  eapitelluu)  in  the  detached  fragment)  are 
nnieh   more   eouimon   than   fractures   of  the   epieondyle   and   the 
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syTHptorns  are  derideclly  iiKire  i^roiioinK-fiL  Pain  is  sevt'i>^»  l<>ss  of 
f miction  complete  ami  .swflliij^  pronouneetL  The  lateral  stability 
of  the  elbow  is  usually  eompletely  lost  and  tlie  joint  m  flnil-like 
in  a  traiisversp  direct  ion.  Crepitus  is,  as  a  rul»%  rcn^ognized  as  soon 
h&  the  parts  are  niajiipulaleLl.  On  palpating  the  condyles  the  epi- 
condyle  is  found  detaehed  from  tlie  hiinierus,  whi!e  the  epitroehlea 
i»  continuous  with  the  rest  of  the  bone.  The  forearm  is  usually 
supported  by  the  uninjured  nienihi^i'  arid  the  pal  lent  is  reluetant  to 
ftflease  it  for  examination.  When  the  arm  bangs  by  the  side  the 
helplessness  of  the  member  i«  apparent  and  the  usual  "guristoek'^ 
ileforrnity  is  reengnized  at  a  glanee.  The  fragment  is  usuaUy  dis- 
placed downward  and  nmy  he  so  rotated  that  the  fraetured  surfaees 
are  no  longer  parallel  anrt  facing  each  other  (see  Fig.  218). 

Ftactures  of  the  inttnial  condyle  (vertical  fractures  entering  the 
joint  and  separating  all,  or  a  portion,  of  the  troeblea  from  the 
reiiuiinder  of  the  b*»ne).  The  aymptouis  are  similar  to  those  already 
de*4crihed  in  the  |»reeeding  t^'pc  except  that  the  inner  side  of  the 
elbow  is  the  most  painful  and  tender,  and  the  internal  condyle  is 
found  to  be  the  movable  part.  Loss  of  lateral  stability  is  tven 
more  pronounced  than  in  fracture  of  the  external  condyle. 

Fruciure  of  (he  tiniroehlfa  (a  vertical  fracture  separating  the 
inlernal  epieondyle  from  the  remainder  of  the  bone  without  enterijig 
the  joint  or  involving  the  trochlea)  la  not  an  uneounuon  injury, 
and  since  neitlier  tbt*  joint  cavity  nor  tiic  articular  surfaees  are 
involvfrd  the  symptoms  are  usually  slight.  There  is  some  local 
tenderneSH  and  pain  on  the  inner  side  of  the  elbow,  and  ecehymi»sis 
lA  u«uidly  seen  vvithiu  the  tirst  day.  Flexion  and  extension  of  the 
rlhow  are  not  painful  except  in  as  much  as  they  disturb  the  detached 
fni^nent.  Kxtreme  extension  or  acute  tlexion  nuiy  be  attendiH.l  by 
pain.  Local  .swelling  is  usually  |)rest*nt.  The  symptoms  are  often 
no  slight  that  the  condition  is  nut  infrequently  mistaken  for  a 
Mprain  and  treated  as  such. 

Sui>rnroft4!tjlar  anel  ttiarondiflur  frar  furts  are  simib*r  <*onditions 
and  thfi  symptoms  so  resend>!c  each  other  ibid  (hey  will  be  <lc- 
jwrrihed  together.  Swelling,  pain,  trMnlerness,  loss  of  function, 
crepitus,  and  mobility  an*  present  a-s  in  vertical  fractures  involving 
the  articular  surf  aces.  I^oss  of  carrying  angle  and  even  gunstock 
ilf*forinity  an»  usually  prondnent  symj>fc»ms.  The  deformity  is 
often  eluiracterifltic,  the  bones  oF  the  fnrcai'm  and  humeral  frag- 
ment being  diBplacpd  haekwanl  in  such  a  way  as  to  produce  a  strong 
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Fitf.  l(Hrt.  — TrjiiihvcrM*  fntinun*  t^f  the  lower  etui  of  the  huuii'i*U6  Note  the  back 
V  uifil  ili»nlMrt'int-iil  of  il(i«  i'Umivi  ,  K5l|>nlion  itnealN  the  thrti-  btmv  promineneei  all  dia- 
|ilNii<kl  hiiil«wurd  withoni  (liMyrhiiuvi^  in  Iheir  relntive  pu&Umii««  Si^nuoid  eftyity  o€  uIbb 
tiiitt  MUiptv.  <ih  iiK  Fig.  229.  Pk'ttirp  t&ken  about  twenty -four  hoiir*  following  accident. 
iiiiit!  h\vi*U\%}g  Mild   tligEbl  t^(^rh>  iiiusJN. 


M 


r*hani<»  of  |Hi«ifioit       i  •««'  <•<>•%•»    i» 
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trochlea  wlii*'}i  artiuulates  with  the  greater  sig-nioid  cavity  of  the 
ulna.  It  presents  a  pronouiieed  groove  rininiiig  from  before  haek- 
ward  which  is  hoiimled  on  either  side  by  protiiiiient  ridges,  the 
inner  being  tlie  most  marked  and  extending  to  a  lower  level.     The 


t\g.    J  71. 


Fig.    172. 
Pronounced  inward  and  tuckward 


Fijr.    171, — T-fmetur*?  of  Uiwit  end  of   huuifruB. 
^i^pUicf'ni^m  of  lowfT  frM7nu*ni». 

Vif.   172,^*'Cr*?«ct'tiiir'"    fmeiiir^  of  lowfr  «nd  of  httm^nift  with  Ist^rnl  and  h%vl 
■irard   di»|ila<?«'nient    uf   Urn^-r   frAgm^nL, 


Fi^,   Hi. — ^Supriicondjlwr  fr*i  ture  wilh  pronounced  inward  and  (larkward  diaplace- 
nx'nt  of  lowrr  frairnient, 

¥ig.   IT-I. — ^Same  cji*e  Aft«*r  r<»diirtioD. 

trochlea  is  slightly  spiral  so  that  the  posterior  eml  is  a  little  external 
to  the  anterior  extremity.  Just  above  the  anterior  end  of  the 
trnehlea  is  situated  the  eorunoid  fossa  whieh,  during  flexion  of  the 
elbow,  receives  the  process  on  the  ulna  of  tlie  same  name.     On  the 
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pOHterior  aspect  of  the  bone  in  the  same  eorrL'Spoiidiiig^  pasitioii  is 
found  the  olecranon  fossa.  Tliese  two  fossm  are  ordinarily  sep- 
arated hy  only  a  thiu  layer  of  bone  and  when  the  depressions  are 


Fig.   IT&. 


Fig.    17  Ik 


FiJT-    175i. — "Crescpn  ic"   frt:*turt'    with   bwckvrttrd   and   rotary  dUpUoement, 

Fig,   176,— Fr,irhjrt*  of  lownr  **n4   of   hiiments   with  burkward   unci    r^^Ury   dtRpWe^ 


Fig.    177  Flic.    178. 

Fif,  177, — FrB*!liire  of   \owvt  end   of  humerms.      Dcffininly    nol   }ipp»ri?ri1    in    nni<^r<i 

poitcrior  view. 

Y\g,  178, — Saifflf?  cwRe  RCfn  luterony.  Slight  biiikwtird  diflplacDtnent  of  lowpr  frmjc 
ment, 

well  marketl  the  hone  may  he  perforated,  foriuing  the  snprai^ondylar 
foramen.  TIjese  two  fossa*  materia lly  weaken  the  eonstrnetion  of 
the  lower  cnii  of  the  humerus  and  are  usually  entered  by  transverse 
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actiirc^s  in  this  rt^gioii,  find  by  vertical  fraetiires  involving  the 
artienlar  surfaces. 

The  internal  coiidyk*  (epitrocfilea)  is  mudi  niore  proniiin  nt  and 
larger  than  the  externa!  eondyle,  and  affords  attaehinent  to  I  he 
internal  lateral  ligaineiit  and  some  of  the  pronators  and  flexors  of 
the  forearm.  It  is  more  easily  broken  than  the  external  condyle, 
Direetly  behind  tliis  (iroeens  is  a  groove  for  the  nlnar  nerve  whicli 
is  not  infre*|ueDtly  injured  in  fra<*tures  of  the  internal  eondyle. 

The  mannt^r  in  which  the  lowtT  epiphysis  of  the  hiniienis  is 
ossified  is  of  importanee  in  explaining  i^pifdiyseal  separations  in 
this  n»gion,  tfiongh  the  resultant  conditions  are  treated  in  a  manner 
jiiniilar  to  fraetnres  of  the  same  parLs.  At  birth  tlie  epiphysis  is 
entirely  cartilaginous  and  throws  no  shadow  under  the  X-ray, 
while  the  lower  end  of  the  diapbysiK  is  i-ounded.     (See  Fig.  251.) 


Fijj.    179. 


Fi^.    iKi? 


Fig,    179. — KplpliyifiMil   snJ'nt'uUfin   of   i»jiiiruc*hUj| 
Pi|f,   IBO. — -Lntcrnl  view  of  ^*lme  r»si% 

fore  the  end  of  the  tirst  yrar  the  rentt-r  for  tbr  rainlL^llum 
makes  ita  appearance.  At  the  sixth  year  the 'center  for  the  internal 
,M0ei]dylr  is  sei*n ;  during  the  f^leventh  year  the  troehlea  brgins  to 
Bify  and  the  center  for  the  I'xlernal  eondyle  is  first  seen  during 
the  twelfth  year  The  outer  three  centers  usually  fuse  with  each 
oth#?r  an<l  join  the  diaphysis  (hiring  the  Hft*^<'ntb  year,  before  the 
center  for  thi«  epitroehlca  beeomes  eontinuous  with  rilher  ejiiphysis 
or  diaphyais.  The  internal  eondyle  joins  the  rrst  of  iU*^  bone  at 
about  the  eigbtefuth  year.  During  the  latter  part  of  the  develop- 
ment of  the  lower  end  of  the  humerus  the  diaphysiii  is  sern  to 
project  pro^essively  further  into  the  epipliysis  so  that  it  comes 
nearly  fo  the  surface  between  the  centt^rs  for  the  intermd  epieoridyle 
and  tro<*hlea.  The  ord<^r  in  which  these  centers  join  tht*  shaft  and 
the  thinning  of  the  epipliysis  between  the  trochlea  and  internal 
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e|>ieoiulyle  aeoouiit  for  the  relative  frtHjueney  of  epiphyseal  sep- 
arations of  the  internal  epicondyle* 

The  ligaments  about  the  elbow  play  an  important  part  in  pro- 
duction of  fractures.  With  the  elbow  partially  fluxed,  abtloetion 
or  aiMuotiou  of  tlie  forearm  produces  rotation  of  the  humerus. 
With  the  elbow  fully  ejttended,  however,  there  is  practically  no 
rotary  effect  on  the  humerus  but  instead  extreme  Itnsion  is  pro* 
ducetl  on  one  of  the  lateml  ligaments.  If  the  forearm  is  abductud 
tlie  htMid  of  the  mdiits  is  fon^eil  against  the  eapitellum  and  the 
int«4^uil  lati^ra)  ligament  is  placed  under  tonsion.     If  t\u'  vlnli>nco 


l>t,    1*1  — Frurliifw  of  ttitem*!  tpicondyle, 

|^l(,    I i8, -'"llff^nitiftn   of  cfpiphji'sift  of   external   condyle. 


I 


^n  iiiOU^hMit  (he  cupitellum  is  fractured,  or  the  bone  supporting  it  is 
hroKen  off  fwuo  the  nnuHindcr  of  the  lower  end  of  the  hufnerus. 
tH«(cHd  *»r  either  of  Ihcse  le^^ions  Hie  internal  lateral  lij^aim^nt  may 
iiiltS^I'  rui^hO'c*  or  nn  e^pnvalent  fracturp  of  the  internal  epicondyle 
\\f  liwblcn  nuij*  take  place.  When  the  elbow  is  extended  and  the 
fuil*HVm  ("oreiblv  adductrd  the  reverse  mechanism  obtaitjs. 

If  Uu»  foreann  is  forcibly  extended  beyond  H»e  normal  limita- 
\U\m  uf  MUitlon  H^c  mtunl  result  is  eitlier  rupture  of  the  ligaments 
lU*  fmctuve  of  the  lower  end  of  the  humerus,  with  backward  dis- 
ulneeiuciil  of  Ibe  fraK»»»«^»d.  A  mueb  more  exceptional  fra<*tnre  is 
ouii  pvvHiMced  by  extreme  flexion, 

TIh«  l,vpc>»  of  fracture  occurring  in  the  lower  end  of  the  huuierus 
ilh»  numcieit*.  (Uid  have  for  the  most  part  been  named  according 
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to  the  portion  of  the  bone  involved.     The  terminology  employed 
by  different  authors  varies  and  the  result  has  been  rathei*  confusing. 
The  usual  fractures  occurring  in  this  region  are: 

Fracture  of  the  epicondyle. 

Fracture  of  the  external  condyle  including  the  capitellum. 

Fracture  of  the  internal  condyle  including  the  trochlea. 

Fracture  of  the  epitrochlea. 

Dia-condylar  fracture,  the  break  passing  transversely  through 
the  condyles. 

Supra-condylar  fracture,  the  break  passiujy^  just  above  the  con- 
dyles. 

T-  or  Y-fracturo,  in  which  a  vertical  break  divides  the  lower 
fragment  of  a  supra-  or  dia-condylar  fracture. 

Comminuted  fracture  of  the  lower  end  of  the  humerus,  in  which 
the  lower  end  of  the  bone  is  so  broken  up  that  it  is  difficult 
to  recojrnize  any  particular  type  of  fracture. 

Fracture  limited  to  the  capitellum  as  a  result  of  violence  trans- 
mitted through  the  radius  in  falls  on  the  hand. 

Epiphyseal  separations  as  described  above. 

It  will  be  noted  that  all  of  the  above  fractures,  except  the  last 
two  named,  may  be  described  as  either  ''transverse"  or  ''vertical*' 
or  a  combination  of  these  two.  The  supra-condylar  and  dia- 
condylar  fractures  are  essentially  transverse,  while  the  fractures 
involving  the  condyles  and  traversing  the  articular  surfaces  are 
vertical.  The  Y-  or  T-fracture  shows  both  vertical  and  transverse 
elements.  Nearly  all  transverse  fractures  pass  through  the  ole- 
cranon fossa  as  do  the  vertical  fractures  involving  the  ailicular 
surfaces. 

Transverse  fractures  are  usually  the  result  of  forced  hyper- 
<*xtension  of  the  elbow,  and  the  lower  fra»rment  is  almost  invariably 
displaced  backward.  In  the  typical  transverse  fracture  the  lower 
fragment  is  crescentic,  the  concavity  looking  upward.  This  type 
of  fracture  has  frequently  been  mistaken  for  an  epiphyseal  sep- 
aration in  spite  of  the  fact  that  there  should  be  no  difficulty  in 
differentiating  the  two  conditions  when  the  X-ray  is  employed. 

The  upper  end  of  vertical  fractures  may  cross  either  the  internal 
or  external  supracondylar  ridge,  but  the  lower  end  of  the  break  is 
frequently  placed  so  that  the  trochlea  is  separated  from  the  capitel- 
lum.    This  separation  of  the  two  articular  surfaces  on  the  lower 
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end  of  the  humerus  allows  a  flail-like  lateral  mobility  at  the  elbow 
which  is  characteristic  of  the  injury.  A  rare  displacement,  some- 
times seen  in  transverse  fractures,  is  one  first  described  by  Posadas, 
in  which  the  lower  fragment  is  displaced  forward  white  the  bones 
of  the  forearm  are  luxated  backward. 

When  the  condyles  are  separated  from  each  other  by  a  vertical 
fracture,  one  or  both  of  the  condyles  may  be  displaced  so  that  tlie 
Filiation  of  the  three  bony  prominences  is  disturbed. 

In  the  normal  elbow  the  ])rominence  of  the  olecranon  and  the  two 
condyles  should  be  about  on  the  same  straight  line  when  the  elbow 
is  fully  extended.  The  olecranon  is  a  trifle  nearer  the  inner  con- 
dyle. When  the  elbow  is  in  a  position  of  acute  fl(>xion  these  three 
l>ony  prominences  should  occupy  the  apices  of  an  equilateral  tri- 
angle. This  anatomical  relation  is  of  great  value  both  in  diagnosis 
and  trt»atment.  The  muscles  attached  to  the  condyles  may  exert  a 
displacing  action  wIumi  eitluT  of  these  processes  is  detached.  In 
vertical  fractures  the  condyles  are  usually  further  apart  than  they 
should  1m\  and  the  condyle  on  the  detached  fragment  may  be  dis- 
placed forward,  backward,  upward  or  downward.  In  any  fracture 
in  which  the  lateral  stability  of  the  elbow  is  destroyed  the  carrying 
angle  is  lost  as  the  arm  hangs  by  the  side,  and  if  the  condition  is 
Nev«»re  the  forearm  may  diverge  to  the  inner  side,  producing  the 
familiar  **gunstock  deformity,''  or  cubitus  varus.  This  deformity 
nuiy  o<*cur  with  any  of  the  transverse  fractures  and  with  the  vertical 
fractures  involving  the  articular  surfaces.  Immediately  following 
tlu»  accident  this  d(»formity  is  due  to  gravity  and  to  the  position 
occupied  by  the  displaced  fragment  or  fragments.  If  the  frag- 
ments are  not  replaced  and  reeurrence  of  displacement  prevented 
the  deformity  will  beeome  permanent  when  union  takes  place. 

In  tlu»  rare  T-fracture  or  in  extensive  comminution  of  the  lower 
end  of  the  humerus  the  lateral  stability  of  the  joint  is  most  com- 
pletely broken  uj)  sinee  both  condyles  are  separated  from  the  shaft 
nnd  from  each  other,  and  the  line  of  fracture  divides  the  articular 
Hurfaee.  This  type  of  fracture  usually  results  from  a  fall  directly 
on  the  flcxcMJ  or  s(»miflexe(l  (»Ibow. 

Symptoms.  The  symptoms  accompanying  fractures  of  the  lower 
end  of  the  humerus  vary  (»onsiderably  according  to  the  position  of 
Ihc  frnctun*  and  the  severity  of  the  lesion.  Pain,  swelling,  local 
tcfideriicss,  hiss  of  function  and  deformity  are  all  present  though 
thcv  varv  somewhat  with  the  nature  of  the  fracture.     The  traumatic 
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reaction  following  fractures  of  th«  lower  end  of  the  himierus  is 
uijUHlly  pronounned,  and  a  few  days  following  the  aeeident  the 
reg'ion  of  the  elliow  Jtuiy  be  covered  with  bleks  containing  blood 
or  serum.  Eeehyniosis  usually  develops  within  twelve  to  twenty- 
four  honrH  and  may  he  extensive.  The  loss  of  funetion  is  nsnally 
complete  following  transverse  fractures  or  those  whieh  involve  the 
articular  surfaces.  In  isolated  fracture  of  either  the  epicondyle  or 
ei>itroehlca  the  loss  of  funetion  rnay  be  8urprisinf?ly  slit^ht.  The 
patient  will  be  able  to  usi*  the  elbow  to  some  extent  though  of  course 
the  action  of  the  part  is  somewhat  limited  by  pain. 

The  symptoms  [jeeuliar  to  the  iliftVrent  fractures  in  this  region 
will  be  considcre<i  in  tlctjul. 


Itig  1S4. — Pri»rtMrt'  <»(  txtrrtml  fjitcondyU'  i^ith  iipwHrd  ♦iiHpliirpnrn^nt  of  frngTiKMd 
PtMnliieiic^  on  p»wriml  i»*p<»f"t  o(  ««lhtfw  Diifirf^eAlivc-;  palpation  reircftlft  fr»gTiii>nL  Joint 
im   iiilArl,  thfrt  beloip  ita   iinvolvMnn»«l  of  iirtionlnr  surface.      Cujiditicm   tart*. 

Fractures  of  the  epkondijh^  (Fractures  in  whieh  the  joint  is  not 
mtrn*d  and  the  eapilellum  n*mains  intact)  are  extremely  rare  and 
the  gymptoms  are  not  prouoiineed.  Moderate  local  swelling  ami 
tenderness  in  the  region  of  the  external  condyle  is  present.  The 
fraffment  rnay  remain  in  position  or  mny  hv  dis|daccd  in  any  direc- 
tion, AVben  deformity  exists  the  fragment  is  usually  displaced 
downward.     The  detached  particle  of  bone  can,  as  a  rule,  be  directly 


130 


FRACTITRES   AND    DIS1A1CAT10NS 


palpated  mjhI,  if  liie  fraelurcd  jsiirfHrrs  van  he  rubbed  toRetber^ 
crepitus  will  he  noted.  Civpitiis  may  be  diftieiilt  to  elieit  if  the 
fragrnient  is  not  disphieed  and  the  swelling  is  pronouDced.  De- 
taelunent  of  the  ejdeondyh-  will  di'stroy,  to  a  ^^reater  or  less  extent, 
the  funi^tinn  of  the  external  lateral  liganit^nt  and  a*'<'ordingly  the 


FlifT*.  iH't  ntul  18n,-^^rwo  vit-wji  of  n  frjitruri'  ttf  luwrr  end  of  Iuiiiu'tum  wittiuii  lUt^ 
ch)ira*:lt»ri»(i[r  ImrikwHt'd  dii(iil:ir'(Mn«''nt  <tt  lt»w«*r  friiifiiieiit.  NiJti"  pr*imiiH''nri'  of  i^xif^intil: 
ppicondyle  whirh  m  dftArhfU.  Tlno  jftini  rcfTininf".  iHtaol  nnd  h*'!)*^!'  ihf  abM-nce  of  de- 
formity' inch  lis  >^vpn  in  FiK*-   l^^*^   mimI   IHLi, 


Fig,  1H7. — SpliUinK  of  lower  end  of  huBieruK  wilh  ^eparHtiou  of  pxt^^rtiat  coutlvle. 
Uun-Btuck  deformity  nnd  nhiiortnai  lulpml  mohility.  Picture  taken  a  f<rw  hotir»  follow- 
ing BCcideuL 

lateral  stability  of  the  elbow^  may  be  somewhat  disturbed,     A  vary- 
ing degree  of  aluionnid  uddtietiori  of  ibe  elhow  is  often  possible. 

Fracturi's  of  the  frtrrttal  ratnhflv  (vrrtieid  fraehires  which  enter 
the  joint  and  irielnde  the  eiipitelliini  in  the  d^taehed  fragment)  are 
much  more   eommon   tJiati   fractures  of  the  epieondyle  and   the 
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symptoms  are  deritledly  nwmi  jironoiuKHHL  Pain  is  sevorOj  luss  of 
fnuetion  t'omplfjte  Hiid  .swdlmg  pronouiM-ed.  Thn  lateral  staliility 
of  the  elbow  is  usually  eotjipletely  losj.  and  the  joint  is  flail-like 
in  a  transverse  direetioiE  Crepitus  is,  as  a  rule,  reeognized  as  soon 
as  the  parts  are  niani[)ubilec].  On  palpating  the  Pt)ndyh\s  the  epi- 
eoudyle  is  found  detaefjed  from  tlie  hmaerus,  while  the  epitroehlea 
is  continuous  with  the  rest  of  the  hone.  The  forearm  is  usually 
supported  hy  the  uninjnrt'd  rneudxr  and  tin*  patient  is  reluetuut  lo 
release  it  for  examination.  When  the  arm  han^  hy  the  side  the 
helplessness  of  the  member  is  apparent  and  the  usual  ''giuistoek'' 
deformity  is  reeogiuzed  at  a  glanee.  The  fraguient  is  usually  dis- 
placed dow*nward  and  may  he  so  rotated  that  the  fraetured  surfaces 
are  no  longer  pamllel  and  facing  each  other  (see  Pig.  218). 

Fracture.^  of  the  inttrnai  rondtjte  (vertiea!  fractures  entering  the 
joint  and  separating  all  or  a  portion,  of  the  trochlea  from  the 
remainder  of  Ihc  hone).  Tht*  syuiptoms  are  similar  lo  those  already 
dt^serihed  in  the  |)reeeding  type  except  that  the  iniier  side  of  the 
t^bow  is  the  triost  ]»ainful  anti  tender,  and  the  internal  condyle  is 
fmirid  to  be  the  movable  part.  Loss  of  lateral  stability  is  even 
more  pronounced  than  in  fracture  of  the  external  condyle. 

FraciKn  of  Ike  tftitrorhha  (a  verliea!  fracture  se[>nrating  the 
internal  e|»ieondyle  from  the  remainder  of  the  btme  without  entering 
the  joint  or  involving  the  trochlea)  is  not  an  UHt'onum>n  injury, 
and  since  iieitlier  tlie  joint  cavity  nor  the  artieulai*  surfaces  are 
involved  the  syjajjtotns  an-  usually  slight.  There  is  some  local 
tenderness  and  pain  on  the  inner  side  of  the  elbow,  and  eccliymejsis 
in  U)$UHlly  seen  within  the  lirst  day.  Flexion  and  cxtensioJi  of  the 
tdbow  are  not  painful  except  in  as  much  as  tiny  disturb  the*  detached 
fragment.  Extreme  extension  or  acute  tlexion  inny  be  mI  tended  by 
pnin.  Local  swelling  is  usually  present.  The  syiaittoms  arc  often 
80  slight  that  Uie  condition  is  not  infrequently  mistaken  for  a 
sprain  and  treatinl  as  sucli. 

i^upravondijlar  and  tliaautfhjhff^  frartttrts  are  siunlar  conditions 
and  the  symptoms  so  rese?iible  ench  other  thnt  Wwy  will  be  de- 
scribed together.  Swelling,  pain,  tetiderness,  loss  of  function. 
crepitus,  and  mobility  are  present  as  in  vertical  fractures  in v( jiving 
the  articular  surfaces.  Loss  of  carrying  angle  and  even  gunstoek 
deformity  are  usually  prominent  symidoms.  The  <lef<»rmity  is 
often  characteristic,  the  bones  of  the  forearm  and  hnmeral  frag- 
oirnt  being  displaced  Imckward  in  such  a  way  as  to  produce  a  strong 
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Fig,  1*8, — Traniiverftf  frjuMure  uf  ihf  lower  fJiJ  «f  Ihe  huineruii.  Note  llie  back 
ward  dieplai-fm^rtil  of  tht*  flhnw,  Pnlfiation  r<*v*'alfi  the  thrt-e  bony  prominencet  nil  di» 
plftivd  bjM'kwurd  without  diKturVmnei*  ui  llit«ir  r^lativt^  pti«itiunii.  8j<muid  cHvity  of  uIoa 
nut   empty,    an    in    Fig.   '22U.      Pi«  lure    taken    ftbout    lw**uij  four    hours   foUowiof   Accident. 


^ 


Fi«.  189. —  S.U1U'  cuKf  in  itui;  t>oMitNm.  Noti^  Ihiil  iln-  d»'ff»riuU)'  p^rabtR  with 
i'UanK'P  of  position  TIjp  pMu>w  ih  tlEkiilikii'  y<'(  itu*  uctiuiii  of  ihr  bict'pb  riiid  t^i^eIM^  pro 
duer   nnd   inuintiiin    the   dt'fomilly. 


Fin.  IW2  »od  IWn. — (.'ompound  f:*onu»inutcd  frttciure  of  low<*r  end  ol  hunsernt. 
JCot**  thft  h«ckwiird  nud  inward  di«it>l»*'^i"*^>H  wHirU  is  rhurweltTiKtif.  Pnr*'ftrm  i&  cov- 
t-rrd  wiUi  blo<JHl  wrliirh  nceountN  for  its  tlnrki'tied  condition  in  tlii»  phrdojrrftrth.  Arrow 
potttl»  U»  the  wound  ju»t  •t>ov«  and  behind  the  e)l>ow.  Picture  taken  a^Kiiit  one  hoar 
After  iojurx* 
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rt*»w*nihhuioo  to  lmc'k\vard  !lislo<mtioiis  uf  tln^  *^lhow  (see  page  159). 
The  ehanieter  of  the  clefonrnty  is  well  sIiowe  hi  FigH.  IHH  and  189. 
On  palpation  tlie  two  coiidylt^s  are  ruund  to  be  no  lunger  continuous 
with  the  slmt'l  of  the  humerus  tljough  Ihey  are  eontinuoiLs  with  eaeh 
other  anJ  move  tn^f^tlier.     If  thi*  upinn-  end  nf  the  nina  is  [mlpated 


FiffS.    194   imd    195. — eoinpouiifl     I'omininuN.Hi     frm  turo     uf     th«i     lower     eud     of     the 
hutiirnis.      K<>t«>   the   deformity   and    flttil  lik?   condilioii. 


the  greater  sigmoid  eavity  will  be  found  occupied  by  the  Imvt^r  end 
of  tlie  huinertxs  ?iud  not  empty  as  in  bnelvward  luxntion.  The  bderal 
stability  of  the  elbow  is  destroyed.  The  eharaeteristie  deformity  of 
a  supra-  or  dia-eomlylar  fracture  m  first  the  backward  displaeerneiit 
of  the  elbow  and  second  the  '^gunstoek"  deformity.  (See  Figs. 
VJ2  and  193.) 

In  the  T-  or  Y-fraciun   of  tJu   lotrtr  t  nd  uf  the  hnmerus  or  %n 
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easf^a  in  whieh  the  lowtr  end  of  the  bone  in  ej'ttitsirebj  eomminuied 
practically  all  I  lie  HViiiptorns  of  tlie  aliovc  deseribiHi  transverse  and 
vertical   frarturps  are  prrsnil    in   i»XHgg**ni1ril    lorm.     The  lateral 


of  funMiirk  dcforniilv  nrui  ftlmoil  c^mipM^  lo««  of 
^Nuii}  ntid  Ifflow  thin  juitiL  X-my  t'!(aniiiiialioii  kIuiwh 
ul    uf    liumeruH    ntul    frttchire    of    uhm    Ijrlow    coronoiil 


glahility  of  the  elbow  is  more  t'0)rii>h^lt'ly  destroyed  in  these  types 
th«D  in  other  forni>i  of  fraettire  in  tlie  lower  end  of  the  humerus, 
Thf  traumatic  reaction  is  usually  severe  and  the  fraeture  is  not 
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irj1'roi|ih'(illy  I'nininniin].  (hi  juiIpHtioii  cre|jitus  is  readily  reoog- 
iu/ihI,  Mild  vvhrn  the  coiniiiiiiution  is  extensive  the  region  of  the 
elbow  tuny  ^ive  one  the  sensation  of  i\  saek  of  Hiarl)les.  When  the 
eiindilioii  m  compound  the  wound  is  not  infretjiiently  located  just 
iilitive  tlie  oh*eranori  on  the  posterior  aspect  of  the  arm. 

Fravliivv  iimitfd  to  tht  capiielhtm  is  extremely  rare  and  presents 
nu  I'haracteristie  symptouis.  Loeal  tenderness  and  pain  with  use 
nf  \Ur  dhow  are  present,  hut  the  condition  is  seldom  recognized 
without  the  nid  of  the  X-niv, 


Vig.    IVB, 


Fig.    199, 

Figs.    IHH  Miui    IJIU, — Old   riiK*'  of  diacondylur  fniclurv   witti  Ww  uwuol  bnckwjird  din 

pittc'ifmeiit   of  flljow.      Lkifiiriiiiry    rlottcly    re»t'niblf*   bjiekward    hixutiim   uf   the   eilntw,  The 

charBrtfTisiir   dfjiri'^iftions   itC   Iht-   bark  of   thf   idbow   nrr   ahni^nt  iind   palpation  of   ihe  sig 
muid  tJelercnine*^  Ihnt   it   'm   not  ■•in]iily.      (C<j|ii|nir«'   with    Fiitk.   'J25  to  230.)' 

Diagnosis, — The  diagnosis  of  fractures  of  the  lower  end  of  the 
humerus  is  hased  on  tfic  symptoms  just  enumerated.  Swelling 
about  the  elbow  is  usualty  rajtid  in  onset  and  pronounced  following 
fraetures  in  this  region,  ami  the  earlier  tbe  surg(-t>n  sees  the  ease 
after  tlie  aeeident  the  less  difhi-iilty  there  will  he  in  establishing  a 
diagnosis.     Firm,  loeah  gentle  and  eontinued  pressure  in  a  given 
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spot  will  ill  iiuiiiy  «:'nses  so  disjilace  the  tlukls  within  the  swollen 
tissues  UH  to  ruiiilrr  reeognitioi)  of  Uie  iiruk*rlyiiig  bon(*  passible. 

If  there  is  difficulty  in  determining  the  nature  of  the  fracture  the 
exaniinatinn  should  In*  systeniatieally  eonducted  so  that  all  the  data 
|K)Ssible  iiuiy  In*  ^atbi-red  In^fore  tht^  surgeon  forms  an  opinion  of 
the  condition.  If  the  traumatic  reaetion  is  pronounced  it  will 
nsually  be  advisable  to  ain^sthetize  the  patirnt  before  examining  the 
parts.  The  expens<^  of  r*^peated  Rout^^*^nographic  examinations  is 
fre*|uently  ohjeete<l  to  by  the  patient,  and  under  these  circumstances 
it   may  be  advisable  to  learn  all  that  is  fjossible  from  a  physical 


riit.  200, — KxKiutniitioit  uf  litre*'  Imny  i>rouiirierif'e«  wUh  (^IiIjhwk  uciitelv  (texftl.  Note 
tli«i  ftUKUt  iiiick«rHrd  ntul  uiiwiird  (liN}>Uri>iiu'iit  *if  Ihi*  luiliciit'Ft  li^'lu   int^Mnui  r<«udyU', 

KIC,  ^'1*1  — Wlrh  full  «»xtr»i>jiH»  It  *^il1  W  fjwli'd  llinl  llicre  li^  ii  Iojsj*  of  riirryiriK  nnifle 
tn  Itiw  |>iiM«ritrft  righl  unn,  Thn  \*H  mm  is  tuirmul  Old  frnrlnre  of  lower  «muI  nt  right 
huaiMtrii*. 

examinatiou  under  anesthesia,  reduce  tW  fracture  and  then  have 
aij  X-ray  plate  taken  to  verify  tln^  diagnosis  and  the  completeness 
of  rcduetion  at  the  same  time.  A  careful  inspection  of  the  parts 
is  of  the  greatest  value  and  should  be  done  before  the  arm  is  sub- 
je<»t»Hl  to  any  manipulation  whatever.  The  character  of  the  deform- 
ity and  the  attitude  of  the  jjalifut  will  often  he  sufficient  to  indicate 
the  nature  of  the  injury  so  that  the  iliaguosis  is  eontij'med  by  the 
i^HHi  pOK^ihte  manipulation  and  jml|Tation.  The  less  the  parts  are 
disturbed  and  the  more  geutb*  tlie  uiaiiiinilation  the  better.  If 
innfieetioQ  indicates  the  Ufilure  of  the  injury  the  surgeon  slmuid 
examiDe  tlie  part  suspected  tlrst.     Otlu-rwiHe  the  lower  eml  of  the 
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bone  should  he  <*t>vered  systeiiiatieally.  The  external  condyle 
should  be  palpated  and  Dot*^  iimtk^  of  wliether  or  not  the  process 
is  continuous  with  the  shaft  of  the  hiimerius  and  the  opposite  con- 
dyle. The  same  examination  shonhl  then  l)e  made  of  the  inner 
t'ondyh^.  The  lateral  HtHl>ility  of  tlie  elbow  should  next  be  tested 
with  Ih*-^  foreann   fully  extended.     In  determining  this  point  the 


Fitf.   -0- 


yigB.  i!02  titid  203. — Old  friHtitr**  uf  li«wifr  (Mid  of  liunjvrufi  with  uiiiuh  in  drf*>rrnhy- 
ProDOunoed  |Uii-»Tock  dt-formriy  and  Btmrlimiiig  of  ann.  Tlip  (>oi<itionj^  of  \hv  Oiri-*?  bony 
prom) ftp nirts  have  been  nmrki^d  JiM  thti  dinpliniMii^nt  in  npiitirenir  A  Tmv  drawn  through 
the  two  rondy1e»  m  not  at  riirht  unirlf^  U*  Ibi*  nhalt  of  thi?  huineruB.  B^'  exainininff  the 
elUm  in  Ihk  |>oRiliQiii  oni"  can  tell  tlie  position  witirli  r\w  foreAnn  wdl  owupy  when 
tiKlKnded.  (See  dctompAiujiijc  text.)  F'unc^Uun  good  considerini?  tb«  defurmity.  C»s« 
first  9.mn  six  yenTh  liter  tbe  Injury  at  which  time  thfsAa  photuifrnphv  were*  ukrn. 


lower  end  of  the  arm  is  grasped  above  the  elbow  to  steady  the 
humerus  wliile  the  opposite  hand  grasps  the  wrist  and  an  attempt 
is  made  to  adduet  and  then  abdnet  the  forearm.  The  wrist  nor- 
mally moves  inward  in  passing  from  the  i>osition  of  supination  to 
pronation,  and  the  distance  traversed  is  neai'ly  eijual  to  the  l>readtb 
of  the  wrist.  This  motion,  however,  is  aeeomplished  entirely  by 
the  lower  end  of  the  radius  encircling  the  head  of  the  ulna  and  in 
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no  wise  means  latf^nil  motion  at  the  elbow.     Lateral  motion  does 
not  exist  io  tiie  normal  elbow. 

The  relation  of  the  three  bony  prominences  of  the  elbow  sliould 
1m*  earcfolly  noted,  and  if  tlie  normal  relation  in  disturbed  the 
surgeon  should  determine  wliieh  of  the  prominences  is  displaced . 
The  olecranon  should  he  earefuUy  palpated  and  its  eontiniiity  with 


inTOTinft 


itj. 


^hfittMi   in    FlifH,   202  nivd   'iO'i,  i^^iuwiiii;   lln'   Klrikiriii 


\hv  ulnar  shaft  determi ued.  The  head  of  the  ni<lius  should  hv 
paijmted  and  note  uiade  of  whetlit*r  or  not  the  bead  rotaten  with 
the  radial  sbaft  during  pronation  and  supination  of  tlu*  forearm. 
Thf  fon-anii  sbould  lit*  carried  throu^di  its  uorrnal  nmf^i'  n(  motiorj 
and  any  rejitriction  of  action  or  [min  should  he  noteil. 
The  backward  displacement  accompanying  transverse  fractures 


L 
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of  til*'  Umt^r  tnu\  oF  tlir  lnittu*nis  tOosely  reseiiihles  the  dt^foniiity 
fw'i'fi  ill  hackward  luxalioiLs  of  the  elbow.  In  liixaliuns,  hovvi-ver, 
llu*  ^Irfonnity  is  usually  nioiv  pronounpeil  aittl  the  sigmoid  i*avify 
iii  roiiJid  eiii|)ty  on  palpal iou  (t'oinpare  the  appeanuices  of  the 
eiiMi's  nhowii  iti  Figs.  19*)  and  220).  In  fraetures  mobility  is 
iriereflHed,  whilo  in  luxations  it  is  usually  ivstrieted. 


Fig^.  'jOS.-^Fracturi'  aUmi  two  iniiieH  nhovft  the  cond.vUts  Oirf**  years  after  the 
nrcid,*'nt.  Note  thr-  lowurcl  afit^nlitr  drnplatiMneiil  «f  tht*  \(yyvvT  fruKinrnt  and  reii^ultant 
g:un-iitiLiek  dt'forniity.  E^iurtlysb  ri^sxilt  ol  iiiiur>  to  mimcutir'^pirAl  iiprve  at  ih**  Invel  ol 
thp  fraptmre,  Nprvt'  mjiir>"  not  rpro^ nixed  at  thp  timo  of  the  injury  and  nothiag:  done 
KubKequently  to  repair  thi»  d»maicp.  Patient  ha*  practirally  no  ui*e  f>f  the  mecnber.  - 
C»»e  nrst  seen  hy  anthor  at  tini*>  of  i«kin^  this  iihciHtograph. 

Fraetures  of  tht^  fowtT  end  of  the  humerus  rniist  be  dilTerentiated 
from 

DisloeatioDS  of  the  elbow. 

Dislocations  of  the  ulna  alone, 

Disloeations  of  tiie  radial  head. 

Fractures  of  the  oleerauou. 

Fractures  of  the  eoronoid  and  ulna  below  the  tOhow, 

Fraeture«  of  the  radial  head,  neck,  or  shafl, 

Simple  sprain  of  tlie  elbow. 


L 
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Fic^   200.— Another    Ti»*w   of   e«isn»    nhown    tn    Tie,    UOS.      Pdtiwnt   oi^nnot    extend    ann 
bcTtmd  pcMilioa  «hown  U<*rfi.      Note   wiiiKliiroji,   rtmlrartni-**  nnA   »lra|ihy. 


Fif.  207 > — Anntltvr    vWw   «f    rii**'    htiowii    in    Figfi.    203    Biid    308. 


CATIOXS 


P 
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The  reflexes  and  condition  of  the  circulation  below  the  level  of 
the  fracture  should  be  tested  both  before  and  after  reduction.  The 
ulnar  nerve  is  the  structure  most  commonly  injured,  especially  in 
fractures  of  the  internal  condyle,  and  its  function  should  be  most 
carefully  tested. 

The  value  of  the  X-ray  cannot  be  overestimated  in  the  diagnosis 
of  fractures  of  the  lower  end  of  the  humerus  and  should  be  made 
use  of  whenever  possible.  The  plates  taken  should  be  at  right 
angles  to  each  other  or  else  made  stereoscopically. 

Treatment. — An  accurate  appreciation  of  the  nature  of  the 
fracture  is  essential  to  the  intelligent  treatment  of  fractures  of  the 
lower  end  of  the  humerus.  As  a  rule  anesthesia  should  be  employed 
in  reducing  the  displacement  and  in  fixing  the  arm.  Reduction  is 
easily  accomplished  in  many  cases,  yet  it  is  not  uncommon  to 
encounter  a  condition  in  which  reduction  and  fixation  can  be  had 
only  with  open  treatment.  Transverse  fractures  can  usually  be 
reduced  by  grasping  the  lower  end  of  the  arm  above  the  elbow  to 
steady  the  humerus,  and  then  making  traction  in  the  axis  of  the 
semiflexed  forearm.  This  pulls  the  bones  of  the  forearm  forward 
and  with  them  the  lower  fragment  seated  in  the  sigmoid  cavity  of 
the  ulna.  When  the  fragment  has  been  brought  back  into  position 
the  elbow  is  flexed  and  immobilized  in  this  position.  Treatment  of 
these  fractures  in  acute  flexion  will  give  the  best  results  in  the 
greatest  number  of  cases,  yet  the  value  of  this  position  should  not 
be  overestimated  nor  should  it  be  employed  blindly.  The  best 
position  in  which  to  treat  fractures  of  this  region  is  the  position 
which  will  most  accurately  and  securely  maintain  reduction,  and 
just  which  position  this  is  must  be  determined  in  each  and  every 
case  to  the  satisfaction  of  the  surgeon.  Much  has  been  said  and 
written  of  the  value  of  the  three  bony  prominences  in  the  diagnosis 
of  fractures  about  the  elbow,  yet  their  chief  value  lies  in  the  treat- 
ment of  these  conditions  and  seems  to  have  been  overlooked.  A 
careful  consideration  of  these  three  points  w^th  the  elbow  flexed 
will  enable  the  surgeon  to  determine  the  position  the  forearm  will 
occupy  when  extended.  This  determination  is  made  in  much  the 
same  manner  as  one  would  foretell  the  position  a  door  would 
occupy  when  open,  by  a  study  of  the  position  of  the  hinges  when 
closed.  This  point  is  well  illustrated  in  Figs.  202  and  203.  In 
reducing  a  fracture  in  this  region  the  surgeon  should  have  the  two 
condyles  directly  under  his  touch,  so  that  he  may  follow  the  effect 
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on  the  fragments  as  the  forearm  is  slowly  carried  through  flexion 
and  extension.  The  degree  of  flexion  in  which  the  fragments  seem 
to  occupy  a  position  nearest  to  normal  should  be  maintained,  and 
dressings  then  ai)plied  wiiich  w^ill  immobilize  the  elbow.  The  two 
condyles  should  l)e  in  a  line  at  right  angles  to  the  axis  of  the  shaft 
of  the  humerus,  and  neither  should  occupy  a  position  anterior  to 
the  other  (taking  the  posterior  surface  of  the  humerus  as  a  base). 
The  tip  of  the  olecranon  should  be  at  about  the  same  level  as  the 
condyles  if  extension  is  complete,  at  the  apex  of  an  equilateral 
triangle  in  acute  flexion  and  proportionately  situated  between  these 
two  points  in  tlie  various  degrees  of  flexion.  It  will  usually  be 
found  that  posterior  displacement  of  the  lower  fragment  is  cor- 
rected, more  or  less  completely,  by  acute  flexion,  and  we  therefore 
seldom  find  the  extended  position  available  in  the  treatment  of 
these  cases.  An  arm  may  appear  well  reduced  in  the  flexed 
position,  and  the  surgeon  may  be  pleased  with  the  outlook  of  the 
case,  and  yet  after  union  has  taken  place,  the  splints  removed  and 
the  arm  extended,  a  condition  such  as  shown  in  Fig.  203  may  become 
evident,  to  the  chagrin  of  the  surgeon  and  the  dissatisfaction  of  the 
patient.  Such  results  might  be  avoided  by  a  careful  examination 
of  the  three  bony  prominences  following  reduction  as  described 
above. 

In  the  treatment  of  vertical  fractures  involving  the  articular 
surfaces  similar  principles  are  to  be  followed  out.  Acute  flexion, 
however,  is  not  nearly  as  efficient  in  preventing  recurrence  of  de- 
formity in  these  vertical  fractures  as  it  is  w^hen  the  break  is  trans- 
verse. During  nMluction  lateral  pressure  should  be  made  on  the 
fragments  in  order  that  they  may  be  forced  closer  together.  Meas- 
urements of  the  distance  between  the  tw^o  condyles  should  be  made 
following  reduction  and  compared  with  the  opposite  elbow.  In 
some  instances  a  detached  condyle  may  follow  the  movements  of 
the  forearm  during  flexion  and  extension,  and  when  this  occurs  the 
elbow  should  b(»  fixed  in  the  degree  of  flexion  in  which  the  fragment 
occupies  a  i)osition  nearest  to  normal.  If  the  fragment  is  rotated 
it  may  be  necessary  to  operate  to  effect  reduction.  It  should  be 
remembered  that  the  displacing  action  of  the  muscles  of  the  fore- 
arm attached  to  th(»  condyles  vari(\s  with  tlie  degree  of  flexion  of 
the  elbow.  In  acute  flexion  tlie  pull  is  upward  and  forward,  in 
semiflexion  it  is  forward,  while  in  complete  extension  it  is  down- 
ward. 
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Thp  pnneiple«  involvtHl  in  the  treatTiii^iit  of  (*|iii>liyseal  separa- 
tions are  the  same  as  those  given  in  Uie  treatiiient  of  fractures  of 
the  corre-spoeding  parts. 

Sperial  padding  of  the  splint  may  b«*  of  aid  in  retaininir  the  fra^JT- 
inents  thoiip^h  it  is  not  «o  satinfaetory  a  method  as  might  be 
desired.  Displaeemeot  depends  somewhat  on  the  extent  to  which 
the  intermnseular  sejita  Miid  faseia*  liave  been  torn,  and  aeeordiogly 
we  experience  less  ditlieulty  in  those  eases  in  whieh  the  tlamage 
sustained  bv  these  tissues  lias  been  sliirht. 


Figr.   210. — MflhiHl    tji  _  jj  w    i.  I.      I    of    acut^    flexion    for    ihr 

treatment    of    certain    frattuit^    <*(    ilio    elUiw,     Thitx    ut^'diod    l^    fnr    Wtter    than    pKasing 
»dhiMitve  about  \hv  wriht  and  uppiT  part  of  ih<»  arm  aa  ia  commonly   d»tn*. 

^m  Fractures  entering  the  artieular  surfaces  demand  the  most  aeeii- 
^H  rate  reduction.  Perfect  apposition  means  a  small  callus  and  is 
^^Ljlieential  to  restoration  of  joint  function, 

^^P^  The  dreSvsings  employed  to  fix  the  part  vary  with  the  degree  of 
^B  flexion  in  which  the  elbow  is  immobilized.  In  eases  in  whieli  the 
^B  traumatic  reaction  is  pronounced  it  is  aiivisable  to  delay  the  appli- 
^H  cation  of  dressings  until  it  lias  snbsifh'd.  During  this  time  the 
[  patient  should  be  in  bed,  the  injured  arm  sii]>i>orted  on  a  pillow  and 
\  the  ice  cap  a|>idied  at  intervals. 

If  the  position   of  acute   tiexion   is  to   l>e  employed  layers  of 
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ganze  slioul*!  Ik-  placed  in  the  hend  of  the  elbow,  and  in  the  axilla, 
to  abscjrb  the  secretions  and  prevent  ehafing  of  the  wkin.     The  inner 


Fiif,   •Ml.  Fijf.   212. 

Fig.   211, — InternAl    riffht  »iiglp    Dupny  flpUnl. 
Fif,   212. — ^Es:1erniil  riRht  »n«EW  I>upuy  (iplint. 

snrfaee  of  the  arm  and  forearm  should  be  prevented  from  eoiniii^ 
in  contact  with  the  chest  for  the  same  reasons.  This  is  aeeompHshed 
hy   liiycrs  of  ^au^e   appropriately   jdaeed.     The   iisnal   method   of 


Fig.  214. 

F*ic.  213. — InternivU  rifht-ftngle  ftpUat  p»dd«d  mid  «<jcured  in  poftilion  with  four 
KlriiftS  of  sdhesiTf*  pliisii«r. 

Fir.  214. — MKliod  nt  Ht^raring  imction  with  rig-bt  anfrle  splint  iind  weigHt.  Seldom 
■dTiubK      (See  Trxt.) 

iiiaintaiuiug  acute  tlexioii  hy  means  of  a  strip  of  adhesive  binding 
the  wrist  to  the  upper  part  of  the  arm,  is  meehaDieally  cumber- 
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and  productive  of  diseoniforf.  The  mast  satisfac-torv  method 
uf  st^curiDg  the  upper  extremity  in  this  positinu  is  shown  in  Fig. 
210.  A  strip  of  iidhesive  eiieireles  the  wrist  an*l  passes  over  the 
shoulder  of  the  same  side.  In  this  way  any  posit iim  from  semi- 
flexion to  tlie  most  acute  flexion  may  be  had,  and  tlio  amount  of 
flexion  may  be  increased  from  time  to  time  during  the  subsidence 
of  the  swelling  with  the  least  possible  distnrfiinice  of  the  elbow.  If 
additional  security  is  desired  the  axillary  pad  may  be  employed  as 
described  in  the  '*  Treatment  of  Fractures  of  the  Upper  End  of 
the  HumeriLs"  on  pa^e  99.  A  Ijody  swathe  may  la*  osfMl  to  seriire 
the  arm  to  the  side. 


I 


Fie.  215^ — Flii^ti'^r  syliut^  upy^^^'^   i*<*  upt^ur  cxtrt'mLi>    and  hfld  in   poftitiuii  by   MTftp* 

If  a  position  of  semiflexion  is  chosen  in  which  to  immobilize  the 
elbow  the  ordinary  right  angle  splint  may  be  employed.  Kitljer 
an  internal  or  an  external  ri^ht  angle  splint  will  aeeomi»iish  the 
purpose,  though  the  former  is  usually  preferahle.  This  sjilint 
should  he  seeured  to  the  arm  first  by  strips  of  adhesive,  and  tljen 
fastened  to  the  forearm  while  traction  is  being  mad<^  nn  Ihi*  uiist 
to  draw  the  fragment  forward. 

When  it  is  necessary  to  immobilize  tiie  forearm  ni  (Misilions 
between  complete  extension  and  semiflexion,  plast«*r  splint-s  will 
(usually  be  found  most  satisfaetory  (see  Fig.  215), 


148  FRACTURES  AND  DISLOCATIONS 

Any  form  of  splint  applied  to  the  upper  extremity  should  be 
well  padded  with  sheet  cotton,  and  the  encircling  bandages  or  strips 
of  adhesive  used  to  secure  it  in  position  should  not  be  so  tightly 
applied  as  to  cause  constriction  of  the  member.  This  precaution 
is  of  the  greatest  importance  during  the  onset  of  swelling  and  if 
not  observed  may  result  in  great  damage.  A  dressing  may  fit 
properly  at  the  time  of  application  and  yet  a  few  hours  later  may 
be  causing  serious  constriction.  After  tlie  height  of  the  traumatic 
reaction  has  passed  and  the  size  of  the  arm  and  forearm  is  dimin- 
ishinjr,  snug  bandaging  will  often  accomplish  much  in  reducing 
the  swelling. 


Fig.   216. 


FiK.   217. 

Fii(H.  2  Hi  and  217. — Two  typos  of  adjustable  splints  for  use  in  fractures  about  the 
elbow. 

Operative  Treatment. — The  open  method  is  productive  of  the 
best  results  in  many  cases  and  we  should  not  hesitate  to  resort  to  it 
when  the  proper  surgical  facilities  are  available  and  the  ordinary 
methods  are  not  efficient.  No  surgeon  should  operate  on  the  lower 
end  of  the  humerus  without  having  well  in  mind  the  details  of  the 
anatomy  of  the  region.  The  bone  is  peculiarly  shaped,  and  without 
an  accurate  knowledge  of  its  formation  and  the  structures  surround- 
ing it,  the  surgeon  may  do  more  harm  than  good.  There  is  con- 
siderable compact  tissue  in  the  region  of  the  condyles  and  above 
them  in  the  shaft,  hut  the  bony  structure  supporting  the  articular 
surfaces  is  altogether  cancellous.  In  order  to  acquire  a  good  appre- 
ciation of  the  internal  structure  of  the  bone  it  will  more  than  repay 
th(»  student  to  open  a  humerus  in  coronal  and  sagittal  section,  using 
an  ordinary  hack-saw  for  the  purpose,  after  which  he  may  study 
the  nature  of  the  bone  structure  with  which  he  has  to  work.  In 
placing  win»  or  nails  we  should  rely  as  much  as  possible  on  the 
coin|)act  tissue;  a  knowledge  of  its  disposition  and  density  wall  be  of 
the  greatest  value. 

It  is  bett(M-  to  approach  the  fragments  through  an  internal  longi- 
tudinal ineision  or  an  external  longitudinal  incision  or  both,  and 
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to  avoid,  as  mui*h  as  possible,  injury  to  tin-  soft  tissues  about  the 
jriiiit.  In  ibis  regard  it  should  hv  tvineiiilu^red  that  the  iiuiseuhi- 
spiral  nerve,  and  its  branches  descend  obliijiiely  between  the 
supinator  longns  and  the  bracliialis  antieus  on  tlie  ouler  si(h^  of  the 
elbow,  and  that  the  ulnar  nerve  follows  an  almost  vertieal  eourse 
and  pasaes  direetly  behind  the  prominent  internal  epieondyle.  The 
external  ineision  is  best  made  behind  the  innseulo-s[>iraK  and  the 
internal  ineiHiou  Hli^hlly  anterior  to  the  ulnar  nerve  and  posterior 


Fijf^  2 IS. 


Kilt-  i!it». 


Fif.  218. — ye^lJ^ftl  frarture  of  1owi»r  end  of  htimmis,  CupiteUuin  indudt^d  in  trng 
ment  which  U  di«placi>d  downward  iiiul  rotat«>d.  When  un  ittlompt  in  niade  to  f^vx  nrm 
lli«  Mfv  of  the  fraicinent  tlireutenK  In  p<^nHi'iit«<  the  »km.  Krn|rmi''nt  n*tik«d  in  posJtiun 
■t  operfttioD   and    frut^lnre   treiit«'d   in   u   puMlirin    of  4fink6t?xio{t.      X  ray   by    H.   G.    Htov^r, 

Fi|t,  21I>, — Same  c»ae  ftvi'  xenTH  Inttr  showinif  unil  in  pliice.  Truj^npnt  in  ri^dui^tion 
and  carryiuc  «ngle  reslor^d.  ^ote  the  callun  m  uppor  end  <if  frftclure.  Null  hna  nut 
loosened  ftOd  bony  tisAue  n«'Kt  to  null  show»  nu  chun^eit.  R«^lar»tion  of  function  cum- 
pleta.     Injored  mtrmber  imj  ««'«'" '    .n-i   ^tronif  j^h  opiHmitt-  arm,      X  ray   hy   S.    B.   Child*. 

to  the  braehial  artery  jntii  median  nerve.  If  the  elbow  18  ap- 
proaebed  tbrou|trh  either  of  the  above  ineisioiis  the  median  nerve 
will  not  be  in  the  field  of  operation. 

After  tile  bone  has  been  exposed  an  analysis  of  tlie  line  or  lines 
of  fraeture  should  be  luadi*,  1t)i^ether  with  a  eonsideration  of  the 
forces  preventing  red  net  ion.  Thr  fioints  of  a<I  vantage  for  the 
{daeingr  of  fixation  Uiaterials  are  detrTudned  and  tlie  f ragmen tn 
redneed.  A  single  nail  will  sonietiiiies  aeronipHsii  all  that  is  re- 
quired isee  Fig,  219),  while  in  other  eases  it  will  tax  the  ingenuity 
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ul*  i\u'  iiioHt  uapiible  to  secure  the  fragments.  A  T-fracture  may 
somc^times  be  Hfciirely  held  by  a  through  and  through  wire,  while 
in  nllier  iiistanees  a  circular  wire  riiay  be  nmih  to  liiud  two  or  more 
fraji^inents  together,  lo  comioiiiuknl  conditions  it  may  be  possible 
to  8e*eure  one  or  more  large  fragments  to  the  shaft*  or  to  bind  the 
fragnients  of  the  lower  end  of  the  bone  together  by  a  wire  above  the 
eoudyhns,  and  then  accoiiiidisfi  tlie  balanee  of  reduction  by  acute 
flexion.     While  the  bone  is  exposed   the  elbow  should  be  carried 


Fi^,   i:*l. 


Fifi.  220  and  221.^SMm«  t*HRe  sf!  ii«ien  in  FigM.  SIS  And  210  nhowinr  rttii|Ci*  of 
motion  nt  cTlbowa  nnd  normal  ciirr>iti|r  mngle.  Noti?  tbp  normal  relations  of  the  ihrt* 
Ijonv  prominences  wlipn  the  ellMiW*  are  fully  Hexed. 


through  flexion  and  extension  to  determine  the  position  which  tends 
least  to  displace  the  fragments,  and  this  position  should  be  main- 
tained in  the  after-treatment.  Care  should  be  taken  not  to  enter 
either  tlie  ok»cranon  or  coronoid  fossa  with  nail  or  wire,  as  this  may 
be  an  obstacle  to  flexion  or  extension  after  recovery.  Provisioo 
for  the  escape  of  blood  and  exudates  should  he  made  by  leaving  a 
small  drain  of  silk  wonn  gut,  which  is  to  be  removed  in  from 
twenlV'fonr  to  forty-eight  hours. 
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The  lower  end  of  the  humerus  not  infrequently  presents  conditions 
of  fracture  as  diflficult  to  handle  as  any  other  bone  in  the  body. 

After-Treatment. — During  tlie  early  part  of  the  after-treatment 
the  arm  should  be  most  carefully  watched  to  avoid  constriction. 
The  dressings  should  be  inspected  at  least  daily  to  see  that  they 
remain  in  proper  position.  The  axilla  and  bend  of  the  elbow  are 
points  likely  to  show  irritation  of  the  skin  and  require  special 
attention.  If  a  posterior  splint  is  employed  the  point  of  the  elbow 
may  need  special  padding  to  avoid  undue  pressure.  If  acute 
flexion  is  the  position  holding  the  fragments  in  reduction  it  should 
be  increased  as  the  swelling  subsides  and  the  danger  of  constriction 
grows  less. 

The  production  and  ossification  of  the  callus  is  rapid  about  the 
elbow,  and  passive  motion  and  massage  should  be  begun  at  the 
earliest  possible  moment  consistent  with  immobilization  of  the  frag- 
ments. Gentle  massage  may  be  begun  soon  after  the  subsidence  of 
the  traumatic  reaction  provided  care  is  taken  to  avoid  disturbing 
the  fragments.  Gentle  passive  motion  may  be  instituted  in  most 
cases  at  the  end  of  from  three  to  live  weeks  according  to  the  age  of 
the  patient.  Certain  cautions  should  be  noted,  however,  as  much 
harm  may  be  done  by  injudicious  motion.  The  movements  should 
be  most  guarded  and  gentle  when  first  begun,  and  the  condyles 
should  be  under  touch  of  the  surgeon  to  see  that  movement  of  the 
lower  fragment  is  not  produced.  jNIotion  should  in  no  case  be 
carried  far  enough  to  produce  pain,  which  may  be  taken  as  an  indi- 
cation that  more  harm  than  good  is  being  done.  ^lany  surgeons 
prefer  to  delay  passive  motion  until  union  is  lirm  (four  to  six 
weeks  or  even  later)  and  then  if  nece^ssary  the  adhesions  of  the  joint 
may  be  broken  up  under  anesthesia.  In  some  cases  it  will  be  neces- 
sar\'  to  anesthetize  the  patient  a  number  of  times,  at  intervals  of  a 
week  or  ten  days,  to  keep  the  joint  surfaces  free  until  they  are 
thoroughly  healed.  During  the  intervals  the  elbow  is  immobilized 
to  allow  the  accompanying  traumatic  inflammation  to  subside. 
Sucli  a  procedure  is  tedious  to  both  patient  and  surgeon  but  the 
subsequent  results  usually  more  than  compensate  for  the  additional 
trouble. 

The  arm  should  be  watched  most  carefully  during  the  first  ten 
<lays  to  avoid  constriction  on  the  one  hand  and  loosening  of  the 
splints  on  the  other.  Strangulation  of  the  limb  is  more  likely  to 
occur  when  the  arm  is  maintained  in  a  position  of  acute  flexion, 
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while  slipping:  of  the  splints  is  most  often  seen  in  positions  between 
semi-flexion  and  extension.  An  arm  should  never  be  bandaged  in  a 
more  or  less  extended  position  and  then  flexed,  as  constriction  at  the 
elbow  is  sure  to  take  ])laee.  The  plaster  cast  is  a  most  dangerous 
dressin":,  especially  if  eini)loyed  in  the  early  part  of  the  after- 
treatment.  Its  rigidity  does  not  allow  for  the  swelling  of  the  mem- 
ber and  may  be  followed  by  damaging  constriction  and  Volkmann's 
contracture.  AVhen  the  internal  or  external  angular  splint  is  used 
it  should  be  lixed  with  adhesive  plaster  in  at  least  three  places  as 
shown  in  Fig.  214.  If  doubt  exist  as  to  the  progress  of  union  an 
X-ray  plate  should  be  taken.  If  the  callus  is  heavy  enough  to 
throw  a  shadow  it  will  usually  be  safe  to  employ  passive  motion. 

The  removal  of  the  splints  or  dressings  should  be  gradual;  that 
is,  they  should  be  removed  for  an  hour  or  two  each  day,  gradually 
increasing  the  time  until  they  are  permanently  removed  at  the 
end  of  a  week.  A  sling  should  be  used  for  some  time  following 
removal  of  the  splints.  Exercise  is  to  be  gradually  instituted, 
taking  as  a  guide  the  fatigue  produced.  There  should  be  no  sense 
of  fatigue  after  half  to  three  quarters  of  an* hour  following  exercise. 
It  should  be  remembered  that  the  most  valuable  and  useful  part  of 
the  function  of  the  elbow^  joint  lies  in  the  range  of  motion  included 
between  acute  flexion  and  semi-flexion. 

Prognosis. — The  prognosis  in  fractures  of  the  lower  end  of  the 
humerus  varies  with  the  age  of  the  patient,  the  severity  of  the 
lesion  and  whether  or  not  the  fracture  enters  the  joint.  Loss  of 
motion  in  the  elbow  has  been  an  unfortunately  common  sequel  to 
fractures  in  this  region,  but  with  the  advent  of  improved  treatment, 
especially  the  o|)en  iiK'thod,  the  number  of  eases  of  stiff  elbow  is 
being  materially  reduced.  If  the  usual  ease  of  fracture  of  the  lower 
end  of  the  humerus  is  treated  by  the  open  method,  the  fragments 
accurately  i'edue<Ml,  internal  fixation  employed  and  early  passive 
motion  instituted,  the  result  will  almost  invariably  be  a  functionally 
perfect  joint  without  deformity.  The  prognosis  is  of  course  equally 
good  in  eases  in  whieh  accurate  reduction  can  be  accomplished  with- 
out o[)eration,  but  the  X-ray  is  continually  demonstrating  the  fact 
that  these  cases  are  less  luimerous  than  was  formerly  supposed. 

Surprisingly  good  function  often  follows  these  fractures  in 
children,  even  when  deformity  and  non-union  are  present.  Dis- 
turbances in  the  longitudinal  growth  of  the  bone  in  epiphyseal  sep- 
arations are  v(»ry  umisual,  being  seen  only  in  instances  in  which  a 
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portion  nr  part  of  the  e])ipliysis  is  \vid**ly  si'piiratt*d  from  the 
diaphy^k.  Tlie  Imil  pro^iiosLs  so  friMjiieiitly  gh'rn  in  trxt -books  ia 
based  on  the  frequency  of  ineotnplete  reduetioii  and  the  eoiuiiion 
praetiee  of  proloiigtHl  inirrioljilization. 

For  the  surgeoirs  prottH*tioii,  however^  \w  should  be  quite  guarded 
in  the  foreeast  given  the  patient  or  iiis  faiinly  evon  wtien  the  case 
is  uneoinpliL-altMl.  One  nevrr  knows  what  foniplit'atioiis  may  arise 
during  the  i-nurse  of  \[w  vi\Si\  and  it  has  not  uneojumonly  happened 
that  the  surgeon  found  that  he  had  to  deal  witfi  the  exceptional 
ease  after  a  nux<t  favorahh-  [prognosis  had  bt^en  given.  The  outlook 
in  eonipound  eases  is  of  eourse  worse,  yet  if  the  [uineiples  laid  down 
in  the  ehapter  on  ''Tlie  Tnmtment  of  Compound  Praetures'*  (page 
789)  are  followed  out  a  large  peret*ntage  of  tliese  open  cases  may  he 
made  to  result  as  favorably  as  simple  fractures  in  this  region. 

The  unfavorable  results  following  fractures  of  the  lower  end  of  the 
huiuerns  are:  Vnlknuinn*s  eontracture,  flHil-elbow  resulting  from 
non-union;  cubitus  varus,  eubitns  valgus,  t^ackward  displaeement  of 
the  lower  fragment,  and  loss  of  motion  varying  in  dilTerent  cases 
frotn  a  solid  ankylosis  to  a  slight  restriction  of  either  eoniplete  tlexion 
or  extension.  Volkmann's  contracture  is  a  most  disabling  condition 
notwilhstaniling  the  fact  that  some  improvement  may  follow  opera- 
tion to  liberate  the  nerves.  This  eorni>lication  will  not  develop  unless 
the  arm  has  been  unduly  const rietrd  by  t!ie  dressings  during  the 
after-treatment.  A  fiail-elbow^  will  not  follow  if  accurate  reduction 
has  been  aceonifilished  and,  when  present,  may  be  corrected  by  a 
Keeondary  operation,  CubituH  varus  and  valgus  are  not  as  a  rule 
prodiietive  of  much  disabiHty.  When  i)rononneed.  however,  they 
may  materially  weaken  the  ell)ow  and  render  the  j^atient  eonspienous 
on  aceount  of  the  deformity.  t'om[rlete  loss  of  motion  in  the  elbow 
i%  rare.  Loss  of  eompb'te  extrusion  or  acute  fli^xion  is  common, 
though  the  ilistnrhanee  in  fuTiction  is  usually  so  slight  as  to  be  un- 
noticed by  the  patient.  Sixty  degrees  of  motion  at  the  elbow  will 
give  the  patient  a  serviceable  joint  even  though  the  action  is  much 
less  than  the  normal  range  of  motion.  The  sooner  the  fracture  is 
reduced  the  less  rnarki^l  will  be  the  Iraumatic  reaction. 

Iti  eonipound  HU|^pnrating  eases  the  ontk>ok  is  of  counae  gloomy, 
rupecially  when  the  fracture  enters  the  joint  cavity,  yet  it  should 
not  be  forgotten  that  union  may  be  obtained  even  in  the  presence 
of  pua  if  free  drainage  is  provided  for,  iMueh  may  be  done  in 
aillQrloiiii&  by  arthroelasia  and  arthroplasty. 


OHAn^KR  X. 

iJlSUX^VTiUNS  OK  TIIH   Ki;i:*^\V. 

Frnlc^r  tftis  lir^Kliiig  are  iiiciiKh^d  only  i\h  liiXHtiotiH  in  wliirh  l>oth 
hones  oF  the  forearm  are  ili^spUieed  on  the  humerus.  Luxations  of 
either  the  ulna  or  radius  alone  will  be  taken  up  Inter. 

Surgfical  Anatomy. Mueh  that  has  been  stated  under  the  head- 
in;^:  of  *'Sijr^neal  Anatomy'*  in  ^'Fraetures  of  the  Lower  End  of 
the  Hunienm''  applies  etiually  well  in  disloeations  of  the  elbow  (see 
jia^e  120), 

Tile  bones  entering  into  the  formation  of  tbe  elbow  joint  are  the 
humerus  above,  and  the  radius  and  ulna  below.     The  artieulation 


Fi?,  222.— LiffrtintMitR  u(  tAlmw  from  rHtlhil  ♦•iili*.  /i..  tiumtTu^;  /f.,  Rndius;  V., 
rinii      (}L,   OleiriirHMK    HL.,    Kutrrowl   InttTtil  ligunu'tit;    U.,   Orhiculjir   lijfHnient, 

Fig  22:1  —  Vikijther  view  of  Uie  elbow.  J.,  Tuberosity  of  rodiui:  O.L.,  ObJiquA 
lli(CuniMiit ,    (K,   tlrhirolfir   Hfaineiit, 

bi'twt^eji  Itie  humerus  and  ulna  \&  of  the  s^in^lynuijs  or  hinge  type* 
The  artienlation  between  the  humerus  and  tlie  fieati  of  tiie  radius  is 
of  the  bnll-and-socket  type,  though  the  attaehnn^nts  existinij  between 
the  bones  of  the  forann  necessitate  the  nidius  following  the  ulna  in 
flexion  and  extension  of  the  forearm.  The  strength  of  the  elbow, 
especially  its  lateral  stability,  depends  on  the  humero-ulnar  articu- 
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lation  and  the  lateral  ligaments  of  the  elbow.  The  internal  lateral 
ligament  consists  of  two  divergent  bands  arising  from  the  epitroeh- 
lea ;  the  anterior  band  is  attached  to  the  inner  side  of  the  coronoid 
and  the  posterior  band  to  the  inner  side  of  the  olecranon,  posteriorly. 
The  external  lateral  ligament  is  similar  to  the  internal ;  it  is  com- 
posed of  two  bands  arising  from  the  epicondyle.  The  anterior  band 
passes  downward  and  forward,  blends  with  the  orbicular  ligament 
and  is  attached  just  in  front  of  the  lesser  sigmoid  cavity  of  the  ulna. 
The  posterior  band  blends  with  the  orbicular  ligament,  passes  behind 
the  head  of  the  radius  and  is  attached  behind  the  lesser  sigmoid  cav- 
ity. Extension  of  the  elbow  is  limited  by  the  anterior  portion  of 
the  capsule,  by  the  anterior  bands  of  the  lateral  ligaments,  by  the  tip 
of  the  olecranon  coming  in  contact  with  the  bottom  of  the  olecranon 
fossa,  and  by  the  tension  of  the  biceps  and  brachial  is  anticus. 
Flexion  is  limited  by  the  arm  coming  in  contact  with  the  forearm, 
by  tension  on  the  posterior  bands  of  the  lateral  ligament,  and  by 
seating  of  the  coronoid  process  in  the  fossa  of  the  same  name.  In 
the  usual  dislocation  of  the  elbow  the  orbicular  ligament  remains 
intact  and  the  radius  is  displaced  with  the  ulna.  The  overwhelming 
majority  of  luxations  of  the  elbow  are  of  the  backward  type  and  are 
usually  produced  by  forced  hyperextension  of  the  joint.  If  the 
ligaments  prove  stronger  than  the  lower  end  of  the  humerus,  frac- 
ture is  the  result;  if  not,  luxation  of  the  elbow  is  produced. 

The  bones  of  the  forearm  may  be  displaced  in  any  direction,  and 
accordingly  the  luxations  occurring  at  the  elbow  have  been  classified 
as  follows: 

Backward  (common). 

Outward  (next  in  order  of  frequency). 

Inward  (rare). 

Forward  (rare). 

Divergent,  antero-posteriorly  (very  rare). 

Divergent,  laterally  (very  rare). 

Dislocation  of  the  bones  of  the  forearm  from  the  humerus  must 
of  necessity  be  accompanied  by  extensive  ligamentary  tearing;  the 
lateral  ligaments  being  the  ones  usually  suffering  most  extensive 
laceration.  It  not  infrequently  happens  that  a  given  ligament  is 
stronger  than  the  bone  to  which  it  is  attached,  and  accordingly  frac- 
ture is  not  an  uncommon  complication  of  dislocations  of  the  elbow. 
The  external  condyle  may  be  broken  off  and  the  fragment  remain 
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attached  to  and  displaced  with  the  radius.  The  epitrochlea  is  even 
more  commonly  avulsed  and  displaced  by  the  action  of  the  internal 
lateral  lij<ament,  and  the  detached  fragment  may  act  as  an  obstacle 
to  reduction  by  becoming?  interpos(»d  between  the  trochlea  and 
sigmoid  cavity.  The  periosteum  is  probably  always  more  or  less 
stripped  up  from  the  posterior  surface  of  the  humerus,  the  pull 
being  transmitted  throujrh  the  posterior  lijrament.  When  the  liga- 
ment proves  8tron«ror  than  the  bone  the  olecranon  process  may  be 
fractured.  This  strippintr  up  of  the  periosteum  accounts  for  the 
deposit  of  bony  tissue  seen  on  the  posterior  surface  of  the  humerus 
following  backward  luxations.  Fracture  of  the  radial  head  or  neck 
may  occur  as  a  complication  in  luxations  of  the  elbow,  and  fracture 
of  the  shaft  or  low(»r  end  of  the  bone  has  been  noted.  Probably  the 
most  common  fracture  occurrint?  in  dislocations  of  this  joint  is  that 
of  the  coronoid.  This  process  is  broken  oflf  as  the  ulna  is  driven 
backward  across  the  trochlea.  The  brachialis  anticus  is  attached  to 
the  anterior  surface  of  the  coronoid,  and  when  the  fragment  is 
displaced  upward  it  is  usually  tilted  so  the  anterior  surface  looks 
more  nearly  in  an  upward  direction.  Instances  of  this  complicating 
fracture  are  shown  in  Figs.  240  to  244. 

Injuries  to  vessels  and  nerv^es  are  fortunately  seldom  seen  except 
in  the  most  severe  compound  luxations.  The  median  and  musculo- 
spiral  nerves  are  known  to  have  been  injured  by  the  lower  end 
of  the  humerus  projecting  into  the  bend  of  the  elbow  anteriorly. 
The  ulnar  nerve  may  bo  injured  as  it  passes  behind  the  epitrochlea, 
especially  when  this  process  is  fractured  or  in  the  rare  anterior 
luxation.  Cases  of  laceration  of  the  brachial  artery  are  on  record, 
but  are  extremely  rare. 

Ilyperextension,  forced  aliduction  or  adduction,  and  wrenches  and 
twists  of  the  forearm  are  tlie  types  of  violence  usually  responsible 
for  luxations  of  the  elbow. 

Symptoms. — Pain,  tenderness,  loss  of  function,  restricted  mobility 
and  swellint?  of  the  parts  about  the  elbow  are  symptoms  common  to 
all  types  of  luxation  of  this  joint.  The  patient  is  unable  to  use  the 
forearm  followintr  injury  (usually  a  fall  on  the  outstretched  hand) 
and  complains  of  i)ain  which  is  greatly  increased  on  motion.  The 
elbow  is  usually  restricted  in  motion,  especially  flexion,  but  there 
may  be  some  abnormal  lateral  mobility.  There  is  no  true  crepitus 
unless  fracture  complieates  the  luxation.  The  degree  of  swelling 
is  variable  though  it  usually  appears  promptly  and  is  frequently 
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pronouneed.  Tlie  ivlation  of  tlie  three  bony  [irnminences  is  dis- 
turbed (except  in  anterior  luxation  with  fraetiire  of  the  nlnji)  and 
on  exarainatioii  the  olecranon  will  be  i'oiind  to  lie  the  displaced  ele- 
ment* The  displaeement  of  the  ulna  varies  with  the  type  of  luxa- 
tion. 

The  attitude  of  the  patient  is  suggestive  of  tln'  lesion,  thouifh  by 


pig.  824. — Simptv  buckwnnl  tllMlnt-iitioti  of  eit^nv  ii  k>w  mltnift'N  after  fliv  acrj(if*n|:, 


Fig.   325. — Siimo  t'UKc  tenn  from  bcttiind. 

no  means  as  characteristie  as  m  luxations  of  the  shoulder.  In  the 
posterior  luxations  the  injured  ineniber  is  usually  allowed  to  ban^ 
tiiteipKsly  at  the  si*le,  or  is  rested  on  some  ennvenient  suppurt  siieh 
as  a  table.  In  the  lateral  or  forward  disloeations  with  fraeture,  the 
iTijiired  arm  is.  as  a  rule,  suf»por!<^l  by  ibe  o|)posite  band  and  the 
patient  is  rcduetant  to  release  it  for  exairnnation.  Deformity  is  the 
lymptom  which  varies  most  in  tlie  ditHerent  types  of  luxation. 
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rmxcrvM&  asi*  tn^^j^Ai 


Tk€  pernor  rariei^ 
tbe  dlMW,  and  m  i^reO 
t0  290.  The  forearm 
fdrtemion  mod  8pmiflt*xH 
few  fk^greed,  is  paiufal 
«tid  the  distorhed  ineeh 
nisfd  Mhdtt  iu  norroal  levd,  and  more  i^romini*!!!  ihma  it  ihonld 
he.  The  tmdon  of  the  Irieepa  n^andi  oat  finmiiDeiitty.  and  the  fnr*'^ 
arm  is  shi^HroMl     Inxf^^^tkiri  nf  the  fttrr^irm  9I   th»*  rlh<*v  *»(■-  n 


aiuma  that  it  ia  mtated  Hltishtty  inward  and  dii|iiaeed  ootwmnl 
Piff,  230) *     Thb  mlat if>i]  t^  «!  fact  that  the  tuner  li|^  «f 

trodilea  proji^ela  ilnwnwaril  fu :uan  dcies  the  exterBsl  Kp^j 

tfaoi  pushea  the  ahia  to  the  radial  side,  when  the  prvjaetion  m 

hnaiser  ri^ertvi^l  in  thr  eavity  of  thir  aigoMiid.    The  hUeral 

of  the  elbow  is  not,  ^  a  role,  10  modi  impaired  aa  in  fiwlurva  1 

tha  lower  end  of  the  htinierua^    In  palpatine  the  elbow  in  bnekwmrd 

dialaeatiiMia.  the  fin^rs  may  be  presHed  into  the  emp^ 

esTily  of  the  nina  and  the  thamh  may  be  placed  in  Ihe  ahnllww 

deprearion  on  the  hand  of  the  radius;  aa  riiown  in  Fl^  229.     The 

joint  is  painfol  aa  hmfr  m  it  ia  oft  «if  pontion,  yet  the  pato  in  « 

intense  when  the  elbow  ts  movtfd.    Thia  di:»plaeeinent  ia 

not  aa  painfol  m  diaiocation  of  the  ahonUer.    The  < 
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(unless  brokrn  off)  rests  behind  the  troehlea,  and  if  the  elbow  is 
iiiueh  extended  it  enters  the  oleeranon  fossa.  Tlie  head  of  the 
radina  lies  behind  the  eapitellinu. 


Pift.  228  ftzid  22S>*~Siropli>  backward  dli»locAtioa  of  the  elbow  nbotit  b»U  mi  hour 
following  the  ftccfdent.  Note  the  d&pr<»sion  or  dimple  b«h'md  the  elbow  which  is  ehaj** 
ncteristic  of  thU  condition,  CompaiTe  thi»  c»*<?  with  Fift*.  189,  189,  193  tnd  199.  Fig. 
229  fthowfi  palpation  of  same  rose.  TUe  tip  of  th«  thumb  rest«  in  the  depression  on  top 
of  the  heaa  of  the  r&dius.  The  BiEmoid  cavity  of  the  ultra  liea  between  the  thtimo 
and  index  fio^r  of  the  examining  hand  nitd  IR  felt  to  be  empty.  The  leverage  of  the 
trtcepM  it  increautd  whilo  that  of  the  biceps  h  le««ened  and  hence  the  position  of  lenat 
pain  ia  greater  than  semiflexion. 

Lateral  dislocrations  of  the  elbow  may  be  divided  into  internal  and 
external.    External  lateral  disloeations  may  be  complete  or  inconi- 
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plete,  aiiil  there  iiifiy  or  may  Tint  be  nn  element  of  rotation  present^ 
as  well  as  the  Intend  rlisplaeeineiit.  The  ineomplete  external  dislo* 
eatioii  is  tlie  most  common  of  the  lateral  ilisplacements,  but  is  mueh 


Y\g,  330. — In  lini^kward  UiKaUonn  ib^re  io  of  ben  a  hWfiht  di^plncem^nt  of  the  ulnA 
to  \hp  ontrr  sidf  whirh  cjin  Im  b%?«t  appreeinJtwd  by  lookinic  ut  the  elbow  from  behiad. 
This  el««nu»nl  in  I  lie  ilnftirimity  i»*  ohumikI  by  the  inn»?r  lip  f>f  the  trorhlen  wbirh  is  more 
proniifienl  than  thi*  ouipr,  Notp  tbe  ]>rominence  of  Ihe  tricep*  tendofi  und  the  d«pr««- 
tiotifi  nil  wilder  *iidi'  ol"   It. 


Figii.  231  and  232. — Outwiirdl  di^^lorutioii  of  tbp  i<lhow.  Thi'  iipprr  t*ntlf%  of  the 
ridias  and  uhm  hoire  been  displflood  outward  and  the  foroarm  rotated  »<%  that  ihe  radius 
\\m  Jibovp  the  nlna,  O,,  the  position  of  lb*"  olecmnon.  T..  ihw  innur  «di5e  of  lb«  trochlea. 
Picture  taken  &  few  tninuteK  folbwini;   nccident  nnd  the  swelHnjj  is  only  aUghU 

less  frequently  seen  than  the  haekward  luxation  just  described. 
There  is  no  hard  and  fast  line  between  posterior  and  external  lateral 
dislocations,  which  point  should  be  remembered  in  dealing  with 
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luxations  of  tho  elbow.  Cases  are  seen  with  backward  dislocation 
aceomii;iiiied  by  an  external  displaeeineTit^  and  eases  of  external 
dislot-atioit  are  seen  with  an  element  of  backward  displacement,  and 
it  is  dii^(*idt.  in  many  eases,  to  say  whieh  element  of  the  condition 
ia  more  [iromineiit.  An  arlntrnry  dividinir  line  is  considered  by 
some  to  be  the  position  of  Ihe  eoronoid;  if  this  [>roi^ess  lies  anterior 
to  the  troeldea  the  dislocation  is  lateral,  hnt  if  it  lies  behind  the 
tro<:*hlea  it  is  posterior.  Siieh  a  division  makes  tbe  conditions  lit  the 
classification,  rather  than  the  *-hissitieation  fitting  the  condition. 

The  external  lateral  flisloeation  is  usually  incomplete,  the  sigmoid 
of  the  ulna  emhraees  the  capitellnm,  and  the  head  of  the  radius 
stands  out  externally,  more  freiptt'ntly  the  head  of  the  radius  is 
raised  alKJve  the  level  of  tfie  ulna  and  lies  on,  or  elose  to,  the 
epicondyle,  Tliis  elevation  of  the  head  nf  the  radius  produces  an 
inward  rotaticm  of  the  forearm,  and  the  eondition  is  sf*akeu  of  as 
lateral  dislocation  with  rotation  or  pi-omiiion.  In  nthcr  instances 
we  find  a  comjilete  externfd  dis|dacrMnent  of  tfic*  bones  of  the  fore- 
aruL  In  sncb  eases  the  ulna  lias  hern  eju-ried  further  outward  and 
rests  on  the  surface  of  tbe  eiricondylc  :  Ihe  radius  may  lie  external  to 
the  ulna  or  above  it,  and  acronlim^ly  we  have  eomplete  external 
dislm^ation  with  or  without  I'otatinn  or  i>ronation  of  the  fm*earni. 
The  lijjaments  are  more  or  less  toi'n  aecording  to  the  decree  of  dis- 
I»larement,  hnt  oidy  in  rnvi^  instances  may  the  injury  to  the  liga- 
ments (espeeiaUy  Ihe  anterior  and  inteiriali  he  ronsidered  slight. 
ft  is  not  unconunon  to  lind  the  internal  laleial  lit^amcnt  strontjer 
than  the  hom^  to  whieh  it  is  attaehetl.  which  aceonnts  for  the  occa- 
sional fracture  anti  outward  dispbterinrnt  of  the  e[)ilroehlea.  This 
fragment  may  act  as  an  obstaeU'  1o  re<hirtion  by  Ijecomin^  inter- 
poserl  between  the  artii-nbu'  snrfae^^s  nf  the  ulna  ami  humerns.  The 
elbow  will  be  found  liruadenrd  aeeordijj^  to  tin*  dcjjjrec  of  displace- 
ment. The  relation  of  the  three  bony  prominences  is  disturbed. 
The  olecranon  will  he  felt  ('xfernal  to  its  normal  position  aufl  the 
head  of  the  radius  located  external  to  the  epteondyle.  The  internal 
condyle  is  subcutaneous  and  very  prominent,  and  the  inner  edge 
of  the  troehb*a  may  he  yjidpatrd  Itelow  it,  jtist  under  the  skin.  The 
epieondyle  is  not  paliiahle  In'cause  of  the  external  displacement  of 
th**  boneji  of  the  forearm.  One  not  accustomed  to  these  conditions 
of  the  elbow  may  lieeotm*  eun fused  in  attemjitiny;  to  identify  the 
three  bony  prominences,  and  a  dia«,'nosis  of  fracture  in  such  cases 
b  cotuiuou,  M^heu  none  really  exists. 
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Internal  lateral  dislocation  of  the  elbow  is  quite  rare  and  only 
seen  in  the  incomplete  variety.  The  sigmoid  of  the  ulna  embraces 
the  internal  epicondyle,  while  the  head  of  the  radius  is  displaced 
more  or  less  inward  onto  the  outer  portion  of  the  trochlea.  The 
forearm  is  inclined  to  a  position  of  supination,  and  the  olecranon  is 
out  of  relation  with  the  condyles  of  the  humerus.  Complications  in 
lateral  dislocations  are  extremely  rare,  and  consist  for  the  most  part 
in  fracture  of  the  internal  epicondyle;  fracture  of  the  external 
condyle  has  been  reported. 

Forward  dislocation  of  the  elbow  is  extremely  rare  and  seems  to 
be  secondary  to  fracture  of  the  olecranon.  Fracture  of  this  process, 
at  the  bottom  of  the  sijrmoid  cavity,  may  result  in  the  distal  frag- 
ment of  the  ulna  beinjr  driven  upward  in  front  of  the  humerus 
by  the  same*  force  that  produced  the  fracture.  Complete  anterior 
dislocation,  without  fracture  of  the  olecranon,  is  so  rare  that  it 
had  better  be  considered  an  anomaly.  The  fractured  olecranon 
may  be  recognized  by  palpation  and  the  abnormally  high  position 
of  the  upper  part  of  the  forearm,  and  its  change  in  axis  may  be 
determined  without  difficulty  (see  Fig.  239).  When  the  olecranon 
is  not  fractured  it  either  lies  in  front  of  the  lower  end  of  the 
humerus  or  (in  the  incomplete  form)  the  end  of  the  process  rests 
on  the  trochlea,  the  lateral  ligaments  having  suffered  extensive 
laceration. 

Diverge  tit  dislocations  of  the  elbow  are  verv'  rare  indeed,  being 
usually  the  result  of  jrreat  trauma.  They  are  sometimes  seen  in 
falls  from  a  lieiirlit  and  in  severe  machinery  accidents.  One  reason 
for  the  rarity  of  these  dislocations  is  that  the  arm  is  seldom  caught 
in  just  such  a  manner  as  to  tear  both  the  heavy  orbicular  ligament 
and  the  interosseous  membrane,  and  the  force  so  directed  as  to 
displace  the  hoin's  in  different  directions.  There  are  two  forms  of 
divergent  dislocation — anteroposterior  and  lateral.  In  the  antero- 
posterior th<*  radius  lies  anterior  to  the  humerus,  and  the  ulna 
l>ehind  it.  T!ie  posterior  aspect  of  the  elbow  resembles  quite 
closely  the  simple  posterior  variety  of  dislocation,  the  point  of 
differentiation  heinir  the  presence  of  the  head  of  the  radius  in  front 
of  the  elbow.  The  Inftral  vnrittif  is  so  rare  that  few  cases  have 
been  reported.  The  ulna  lies  to  the  inner  side  of  the  humerus, 
while  the  radius  is  displaced  extt'rnally.  and  the  elbow  is  accordingly 
increased  in  l»r«^adth  to  nearly  twice  that  of  normal. 

The  syin|>T(Mii>;  |>roduced  by  injury  to  nerves  or  vessels  will  depend 
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on  whit'h  of  these  Htruftiires  has  been  damaged.  The  paralyses  or 
dkturljaiiees  in  eireulatioii  are  the  same  as  follow  injury  to  the 
nerves  and  vessels  of  the  upper  extremity  from  eaiises  other  than 
dislocation  of  tln'  el  how. 


WtfM    aaa.    '^34    nrul    235, — Dia^criiniH   sViowm^    Uii*   br»ny    relatitmt»   in    the   Oir««   mo^r 
rummoii    iFirunv^    jii    rlir'   rlbow.      Th*'    upper    di;n4:rjim    in    u(   »    pofttt^rior    cltflWaliriii.      Note 

•  »i'  '    fjiTiiy.     Thi*   midJIt'   ilmwitig    t»   wf  n   dia  coiid>br   fmclure    while   Iho 
)•'  '  MuiulUjir  frtirluro.      'riK^rt*  i^   uit  hard   nnd  1iit*>t  lin«;  bt^twecii   thi;   liuprn.- 

•  t.:    :.,...     :iufiiirt«*i  yet  the  l«*rm)!   urn  umhI  to  inditrjitc  the  level  of  llie  bt^ak. 

Diagnosis.  -The  reeoii^nition  and  ditferentiation  of  the  various 
f.vfws  of  luxation  of  the  elhow  are  made  on  the  symptoms  just 
dejieritted.  In  eslahlishinff  a  diajtrnosis  of  dislocation  of  the  elbow 
the  tiurgeon  must  keep  iu  mind — tirst,  the  bony  ksiouis  which  are 
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4y   iMiJ^Uikon    for   hiXHtioii;   mim-otkI,   tlie  i-oniplieatinL? 

lijiri^WOJ»»  «^*k  sMjkiiU' titties  a''t'oiti|icUiy  (lisiiR'atioiiii;  and  ttiit*d,  the 

•:t.riw^llfr"f*'**if  K'^i'aij4  of  tlu*  soft  tissues,  stir  It  as  injury  to  vessels 

Thv  romlitimt  most  frernieittly  t'otjfotmded  with  dislo- 

,^cluiv  or  eiiijiiiyseijl  sejmralion  of  the  lower  eud  of  the 

III  frnetiire  of  the  lower  end  of  the  httoienis  with  hack- 

XMA^vi   si^\|»Uioeim'iit»    tile   siirnioid    is   not    fonttd    etitpty    and    it    is 

^m|ui%^^iMi    to   ft'el   the  etip-Hhnped   depressloti   on   I  he  head   of  the 


V\g.  236. — Cane  of  sini^lie  Hpraiii  i»f  \hv  Hlmw  iwenty-four  tiours  iift*»r  ihe  ftcci- 
tlniii.  Notf»  the  siwdtmir  whtrh  Ir  tm  fruni  n$  is  men  fulbwin^  fntcliire  or  diKlocation 
mill  luutrriKUy  int^rfcrpN  with  extiiuinnliun  and  diQf;n<»<'iK.  Nfiti\  however,  Uiat  th^re  is 
itii  riH'liyiiiii»sii«  wttirh  m  ftM  conimMii  in  fmctures,  iift4*r  iti*?  first  iwHve  or  twenty-four 
tuMir^, 


radius  us  shown  in  Fi^^  22!).  The  liaekward  displaeement  is  usually 
lens  protniiietit  in  fraetiires,  and  file  defortiiity  is,  as  a  rule,  per- 
eeptihly  higher.  The  ivlalion  of  the  three  hony  jo'otJiineiiees  is  dis- 
furhed  in  vertieal  fraetnres  of  the  lower  end  of  the  hunienis,  in 
disloi»ations  of  the  ellK>w  atid  in  fraetures  of  the  olecranon,  btit  not 
in  traoHvet'se  fraetnivs  of  tlie  lower  end  of  the  hutnerus.  (See 
Figs,  2;J3  to  2^i5  ami  eoriipare  the  defortuitiesj  I)islo4:*ations  of 
the  upper  end  of  the  ulna  alone  are  ditTerentiated  from  luxations 


^ 


DISU3CATI0NS   OF    TOE    ELUOW 


165 


of  the  elbow  by  llh*  [tosihoii  oT  Ww  hi^nd  of  llir  nnlius  wliicli  n^niains 
in  its  propt'i*  n*latioii  witli  lln'  t^Kpitx^lniti, 

To  avoiil  mistakes  it  is  wM  to  klentifv  the  ii!nji  at  its  lower  end 
and  traee  the  posterior  sn!*eiittnieoiis  liorder  up  to  the  oieeraiion; 
the  head  of  the  radius  imiy  next  be  identified  and  rotaled  by 
8llJ«inatin^;  and  jironatiiii^  th(^  foreanii.  After  these  two  points  have 
l>een  positively  itientitied  there  will  usnally  he  little  liililieHlly  in 
reeogiiizin^  the  other  Umdinarks  of  tlie  elbows     When  the  ease  is 


Fi*.  2a T 


Pi^    238. 


Fix,  *2^7. — -CaiiM  of  1iil**riil  cliMliH'Ation  of  Ihr  ftbtiw  twenty  finir  hiutrH  atU'T  itijurj 
%ad  rtidui'tiQii.      Not«>  tUe  MWellitii^  alutul  tht^  ribow. 

FIc.  238.- — Btkmn  CMU»  after  inilpAtlon  of  t1^r(^>  l>oii.v  itmiiiinihK'^  siutl  ntmrkiiig  tn^mv 
mth  ink. 

neeii  early  a  tentative  diajjnosis  ean,  as  a  ruh%  be  made  hy  inspection 
Hlone,  hut  if  finit  seen  after  swelling  Ihih  developed  it  may  he  cjuite 
tiiffleult  to  exanuni'  and  detenidne  Ute  eouditioii. 

itentU%  ftrrn  anci  i*ontiinted  j>n*ssijre  with  the  Hn^t  rs  in  tin*  reg-ion 
of  Ihi'  eofiflyle«  and  oleeraiioii  will  naiially  disjilaee  the  tliiids  within 
the  tiRsuei*  snflfieiently  to  alh)W  the  surgeon  to  ttelenrdne  the 
(monitions  and  eoiiditionn  of  the  three  bony  prominenees.  An  anes- 
thetic m  often  advisable  if  the  traumatic  reaction  is  pronouneed  at 
the  time  of  the  examination.     An  even  botler  proeeilnre  under  these 
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eirmi  Mist  ancles  (provicifd  the  ilefonuity  i«  not  jirrnt  hikI  tlie  X-ray 
is  prTirnplly  avaihililt')  is  to  leavo  the  [Kirts  luulisturhed  aiitl  deter- 
m'uiv  the  tiitture  of  Uie  injui'v  from  .1  lioiitiri'DuirniiiL 


Fig.  2'^ii. — Antiriar    liixniiiiii    of   the    i-Umw    with    frarliire   of    the  Hlt^criiitoii. 
nails  lif'pn  ill  pliitf*  »rt*  in  lipUul  } 


( Small 


Fig.  'J40. — A  not  unrciinmoiri  t-uinjilicatiou  of  bjickwurd  disloL,...  ,..  .,  the  elbow. 
Thr  curonyid  pnni-*^*  hu&  bei-n  broken  off  and  i*  dii*p1iieed  upward  by  tiit*  brAchiaUs 
iinU<?UH,  This  inuitcli;  is  in^ertei)  into  the  anterior  surlkco  aa  wdtl  M  the  tip  of  th« 
procvaa  wliieh   iiorounis   for  the  tipping  of  thk?  fruiirinimt  aii   it  is  pulled  upward. 

Fracture  of  the  eoroiioid  is  often  difficult  to  recognize  because 
of  the  swelling.     It  is  frequently  impossible  to  palpate  the  detached 
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particle  of  bone,  and  the  faet  that  t\w  fra^'rjjent  Is  usiiinlly  displaeed 
upward  prevents  crepitus. 

(Complications  are  fortimately  rare  yet  they  do  oeeasionally  occur 
and  shonld»  if  possible,  Ik-  recogni^sec!  liefore  reduction.  The 
diagnosis  of  tliese  eonditions  is  often  made  only  after  reduction 


Fi^.   248. — ^Lbrice  fraemoiU  of  eoronoiil  d)»pl«e«d  upiiriird  by  acUoa  of  h\c»pn. 
Iliini  T««ttlt   nf   bftckwArd  liixAtu>n  of   elbi>w. 


Frae 


KIc    244. — ^Frnciur*    of    coroociid    with    only    slight   dia  pin  cement. 
Pajr4  luiiAitoQ  of  elbow. 


Reiult    of    biirk 


hail  been  attempted  or  accomplished,  and  many  cases  would  go  un- 

^recojfnized   if  it   were  not  for  the   Xray.     The   condition   of  the 

[reflexes  and  the  cireidation  below  the  level  of  the  lesion  should  be 

[determined   both   before  and  after  reduction.     Recurrence  of  de- 

fornnty  folbiwinp:  reduction  is  suggestive  of  fracture  of  the  lower 

end  of  the  humerus  or  of  the  coronoid  process  of  the  ulna. 

Treatment, — The  treatment  of  dislocations  of  the  elbow  eonsista 

[in  returning  the  ulna  and  radius  to  their  normal  relations  with 

the  humerus,  and  immobilizing,'  the  ell:K>w  for  a  |>eriod  snlTlcieutly 

'  long  to  allow  complete  healing  of  the  ligaments.     The  case  should 

^attended  as  soon  followinsr  the  accident  as  possible.     The  longer 

I  luxation  exists  the  more  ditlh^ult  will  be  the  dia^^nosis,  the  more 

I  painful  the  parts  and  the  more  proMounced  the  secondary  traumatic 
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ivji^lioiL  HiKiuctioii  of  tfie  dislocation  is  usually  not  difficuli,  and 
a^N^nrditif^  to  iht*  triost  conunoii  ni*4hod,  i^onsists  (for  backward 
Uixations)  in  traction  and  coiint<^r-tractioo  with  hypi^r-extension 
of  thi:^  joint  fullowi^d  by  flexion.     The  arm  is  firndy  j^raspe<l  above 


Ki^.  1J45,-— Mi'iln'il  'if  riMhiciiig  hnckwanl  luxation  of  thv  plhow,  Tnietion  on  the 
forii«rfii  lit  Oie  H]l^t  vtJth  Lx^iinliT-trACtiuti  with  the  oppufelte  liand  on  tW  arm.  A 
fttMvv  degree  of  ext**nhi*>n   in  of! en  nr^ei^iiry   to  help  the  coronoid  to  cJ«*r  the  trochJ«i. 


Vlg,  240. — Another  tnetWd  of  reduriiiic  backward  luxfitiotiA  of  %hf  elbow.  The 
towor  part  of  the  mrtii  kR  gninpi^d  witli  boih  hmidJi  <ih  shown  in  illiiKtration  TjrhUp  the 
Ihombs  force  the  olecrnoon  downward  ml«  pt)»ilion.  With  the  band  fixed  on  the  Uble 
uny  desired  dejfri^t!  of  llexion  at  the  t*lbi>w  m»»y  \*e  obtaiomt  duritiK  tht*  mantpulntion. 

the  elbow  with  one  band  while  the  other  makes  traction  from  the 
wrist;  during  this  traction  the  forearm  is  somewhat  hyper-extended 
to  allow  the  coronoitl  to  elear  the  trochlea,  after  which  the  forearm 
is  flexed  and  reduction  is  complete.     The  ligaments  are  usually  torn 
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to  siiph  an  extent  tliat  they  olTer  liUle  resistance  to  rediietioti,  but 
thfp  nuisf*les,  espeeially  in  well  developed  pt*i"soiis,  may  as  a  n^'<nlt 
of  spasm,  render  redaetiou  extremely  difficolt.  A  method  of  redne- 
tioo,  partieidarly  adapted  to  children,  consists  in  forcijiji:  the 
olecranon  into  place  with  the  thnmhs  while  the  fingers  tix  the  arm 
above  the  elbow  as  shown  in  Fig.  246,  By  having  the  patient  s 
hand  restint,'  on  a  table  flexion  and  extension  may  be  controlled  by 
raising  or  lowering  the  elbow  during  the  manipulation,  thus  helping 
the  coronoid  to  clear  the  trochlea.  Still  another  method  is  one  in 
whii'h  the  joint  surfaces  are  separated  and  flexion  of  the  elbow 
aeeomplisbed  over  the  operator's  knee.  Hcduetiou  may  also  be 
accomplished  by  means  of  continuous  traction  with  weijarhts,  but  the 
first  method  described  will  be  found  as  satisfactory  ns  any  in  the 
avera<j?e  ease  of  posterior  luxation. 

The  muselcH  offer  the  chief  obstack-  to  reduction  luu]  accordingly 
the  use  of  an  anestlietie  will  render  difficult  cases  t-asy.  The  liga- 
ments are  alrcaily  much  torn  and  we  should  avoid  manipulations 
which  will  subject  them  to  further  injury ;  this  point  should  he  kept 
well  in  mind  when  usiiiff  an  anesthetic,  as  the  joint,  under  such 
conditions,  is  no  longer  protected  by  the  action  of  the  muscles. 
When  the  bones  are  displacrd  outward  fnrtlier  than  is  caused  by  the 
internal  Hp  of  the  troc*hlea  (see  Figs.  231  and  2:^2),  they  should  be 
converted  into  a  simple  backward  dislocation  before  reduction  is 
attempted.  The  less  force  used  Ihe  bcHer,  and  in  a  ^dvcn  case  it 
is  often  preferable  to  try  ditYerent  methods  with  moderate  force, 
before  usiuf^  any  particular  one  with  much  force.  There  is  probably 
no  method,  in  backward  dislocations  of  the  elbow,  which  meets 
thii  indic-atious  as  scientilically  as  does  Kocher\s  in  reduction  of 
anterior  luxations  of  the  shofdder,  yet  the  ones  in  use  art*  i*tfective 
and  though  not  ideal  are  at  least  satisfactory. 

in  reducing  an  outward  luxation  it  is  of  the  greatest  advantage 
to  have  an  assistant  fix  the  lower  end  of  the  hmnerns,  tiius  atTordin*? 
the  surgeon  a  solid  basis  on  which  to  force  Ihr  hoii<\s  of  Ilit-  forcariu 
into  position.  Before  reduction  is  attempted  the  surgeon  should 
know  whether  or  not  rotation  is  present,  as  well  as  lateral  displace- 
ment. With  the  lower  end  of  the  arm  lixed,  traction  is  mail**  on  the 
wriiit,  while  ihe  opposite  haml  grasps  the  elbow  and  forces  the 
upper  ends  of  the  radius  and  ulna  downward  and  inward  around 
the  lower  end  of  tlie  humerus.  If  the  hours  <»f  tht*  forearm  ju'e  dis* 
[ibieed  hnckwarrl  as  w«dl  as  ontwartl  it  may  he  advisalile  to  aeeom- 
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plf*te,  and  there  triay  or  nmy  not  be  an  element  of  rotation  present, 
as  %wll  MS  the  literal  dis|>laernient.  The  incomplete  external  dislo- 
eation  is  tfie  most  eoiuiiion  of  tlie  lateral  tlisplaeemeiits,  but  is  iiniiii 


Fisf,  'J3fl.— Tr>  Wrkwwrd  luxwti**n»  thiTi?  i»  offren  n  slight  displttcempnt  of  the  ulni 
lo  Ihe  outer  nidi*  whl<'>ii  cftn  l»e  bi'«t  nnprcoiAted  by  kKikini^  nt  the  elbow  frcwn  behind^ 
'Thin  rlewf'Tit  hi  fbe  defarntily  is  rau8i»a  by  th«  iiin<?r  lip  of  thp  trochlea  which  it  more 
promiru'Dt  than  t\u>  outer.  Not**  the*  prf>tutnencc*  of  the  tricciin  tendon  and  Ibe  depret- 
tions  on  tithtTT  »*u|h  nt   it, 


Fisr,   '2dl. 


Fi^.  2;t:> 


Fig^.  2'll  and  23 J  — Outward  drsbxnliori  of  the  pibow.  The  upprr  ends  of  th* 
rndius  and  ulnn  hiive  l>ei'u  dJ!«plaec'd  outward  jind  th^  forettrin  rotAted  so  that  the  mdiaft 
lie*  nbovf?  the  iilnu..  O..  the  tnisition  of  the  ulecrAnon.  J.,  ibfl  inner  edRU  of  the  irochlea. 
Pictur©  Uken  ft  few  tninulefl  folbwtng  acrident  imd  the  sweUini?  is  only  ulight, 

less  frefpiently  seen  than  the  backward  luxation  just  descrihed. 
There  is  no  bard  and  fast  line  between  posterior  and  external  lateral 
dislocations,  which  point  should  be  remembered  in  dealing  with 
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luxations  of  the  elbow.  Cases  are  seen  with  backward  dislocation 
accompanied  by  an  external  displacement,  and  cases  of  external 
dislocation  are  seen  with  an  element  of  backward  displacement,  and 
it  is  difficult,  in  many  cases,  to  say  which  element  of  the  condition 
is  more  prominent.  An  arbitrary  dividingr  line  is  considered  by 
some  to  be  the  position  of  the  coronoid ;  if  this  process  lies  anterior 
to  the  trochlea  the  dislocation  is  lateral,  but  if  it  lies  behind  the 
trochlea  it  is  posterior.  Such  a  division  makes  the  conditions  fit  the 
classification,  rather  than  the  classification  fitting?  the  condition. 

The  external  lateral  dislocation  is  usually  incomplete,  the  sigmoid 
of  the  ulna  embraces  the  capitellum,  and  the  head  of  the  radius 
stands  out  externally;  more  frequently  the  head  of  the  radius  is 
raised  above  the  level  of  the  ulna  and  lies  on,  or  close  to,  the 
epicondyle.  This  elevation  of  the  head  of  the  radius  produces  an 
inward  rotation  of  the  forearm,  and  the  condition  is  spoken  of  as 
lateral  dislocation  with  rotation  or  pronation.  In  other  instances 
we  find  a  complete  external  displacement  of  the  bones  of  the  fore- 
arm. In  such  cases  the  ulna  has  been  carried  further  outward  and 
rests  on  the  surface  of  the  epicondyle ;  the  radius  may  lie  external  to 
the  ulna  or  above  it,  and  accordingly  we  have  complete  external 
dislocation  with  or  without  rotation  or  pronation  of  the  forearm. 
The  ligaments  are  more  or  less  torn  according  to  the  degree  of  dis- 
placement, but  only  in  rare  instances  may  the  injury  to  the  liga- 
ments (especially  the  anterior  and  internal)  be  considered  slight. 
It  is  not  uncommon  to  find  the  internal  lateral  ligament  stronger 
than  the  bone  to  which  it  is  attached,  which  accounts  for  the  occa- 
sional fracture  and  outward  displacement  of  the  epitrochlea.  This 
fragment  may  act  as  an  obstacle  to  reduction  by  becoming  inter- 
posed between  the  articular  surfaces  of  the  ulna  and  humerus.  The 
elbow  will  be  found  broadened  according  to  the  degree  of  displace- 
ment. The  relation  of  the  three  bony  prominences  is  disturbed. 
The  olecranon  will  be  felt  external  to  its  normal  position  and  the 
head  of  the  radius  located  external  to  the  epicondyle.  The  internal 
condyle  is  subcutaneous  and  very  prominent,  and  the  inner  edge 
of  the  trochlea  may  be  palpated  below  it,  just  under  the  skin.  The 
epicondyle  is  not  palpable  because  of  the  external  displacement  of 
the  bones  of  the  forearm.  One  not  accustomed  to  these  conditions 
of  the  elbow  may  become  confused  in  attempting  to  identify  the 
three  bony  prominences,  and  a  diagnosis  of  fracture  in  such  cases 
is  common,  when  none  really  exists. 
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Internal  lateral  dislocation  of  the  elbow  is  quite  rare  and  only 
seen  in  the  incomplete  variety.  The  sigmoid  of  the  ulna  embraces 
the  internal  epicondyle,  while  the  head  of  the  radius  is  displaced 
more  or  less  inward  onto  the  outer  portion  of  the  trochlea.  The 
forearm  is  inclined  to  a  position  of  supination,  and  the  olecranon  is 
out  of  relation  with  the  condyles  of  the  humerus.  Complications  in 
lateral  dislocations  are  extremely  rare,  and  consist  for  the  most  part 
in  fracture  of  the  internal  epicondyle;  fracture  of  the  external 
condyle  has  been  reported. 

Fonvard  dislocatioyi  of  the  elbow  is  extremely  rare  and  seems  to 
be  secondary  to  fracture  of  the  olecranon.  Fracture  of  this  process, 
at  the  bottom  of  the  sigmoid  cavity,  may  result  in  the  distal  frag- 
ment of  the  iilna  being  driven  upward  in  front  of  the  humerus 
by  the  same  force  that  produced  the  fracture.  Complete  anterior 
dislocation,  without  fracture  of  the  olecranon,  is  so  rare  that  it 
had  better  l)e  considered  an  anomaly.  The  fractured  olecranon 
may  be  recognized  by  palpation  and  the  abnormally  high  position 
of  the  upper  part  of  the  forearm,  and  its  change  in  axis  may  be 
determined  without  diflficulty  (see  Fig.  239).  When  the  olecranon 
is  not  fractured  it  either  lies  in  front  of  the  lower  end  of  the 
humerus  or  (in  the  incomplete  form)  the  end  of  the  process  rests 
on  the  trochlea,  the  lateral  ligaments  having  suffered  extensive 
laceration. 

Divergent  dislocations  of  the  elbow  are  very  rare  indeed,  being 
usually  the  result  of  great  trauma.  They  are  sometimes  seen  in 
falls  from  a  heiglit  and  in  severe  machiner^"^  accidents.  One  reason 
for  the  rarity  of  these  dislocations  is  that  the  arm  is  seldom  caught 
in  just  such  a  manner  as  to  tear  both  the  heavy  orbicular  ligament 
and  the  interosseous  membrane,  and  the  force  so  directed  as  to 
displace  the  boiios  in  different  directions.  There  are  two  forms  of 
divergent  dislocation — antero-posterior  and  lateral.  In  the  antero- 
posterior the  radius  lies  anterior  to  the  humerus,  and  the  ulna 
behind  it.  The  posterior  aspect  of  the  elbow  resembles  quite 
closely  the  simple  posterior  variety  of  dislocation,  the  point  of 
difTerentiation  being  the  presence  of  the  head  of  the  radius  in  front 
of  the  elbow.  The  lateral  varict]i  is  so  rare  that  few  cases  have 
been  reported.  The  ulna  lies  to  the  inner  side  of  the  humerus, 
while  the  radius  is  displaced  externally,  and  the  elbow  is  accordingly 
increased  in  breadth  to  nearly  twice  tluit  of  normal. 

The  symptoins  produced  by  injury  to  nerves  or  vessels  will  depend 
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on  which  of  these  struetures  lia.s  been  tlaniat^ed.  The  pnralyses  or 
disturbances  in  eireubdion  are  tJie  same  as  follow  injury  to  the 
nerves  and  vo8sels  of  llio  iijiijer  extremity  from  causes  other  tlum 
dislocation  of  the  elliow. 


I^le*    283.   234   *nfl   235, — Diiiitriiin^  «howinic   tlit^   bony   r«lfltiutiii   in   the   three   most 

,.«.<>,»..*..    i..i..^i..K    ,.*    Oi^   eUKtw.      Thi*   npfMT   dia^niui    is   of   a    |>oiilerior   diNlrj<;«itiuti.      N«t« 
■  ity,     Thn   Tnutdlt*  druwin^   in   uf   n   dlji-coniiylnr   frArture   vfhlk-  tlio 
l>lftr  fTtnturtr      TliiM'f  is  lui  hard  and  (qmI  liue  bulwefU   thu  mipra- 
■    - ..    .la.jiium  >H   tbe  li'rtiis  iirr-  iist»<l  to  iiidicnte  the  level  of  the  break, 

DiagtiosiB.— The  reeojinition  and  ditrerentiation  of  the  various 
typea  of  hixation  of  the  l-IIkjw  are  made  on  the  symptoms  just 
deserilxni.  In  establislnntr  a  diaj^nosis  of  disloention  of  th^  ethow 
thr  Kiirgeun  njnst  keep  in  mind — hrst,  the  bony  lesions  whieh  are 


fl 
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inoHt  eoninionly  »iiistiik*^n  for  liixntion:  «*^rontl,  the  coinplieatum 
frHt*tnn:.s  wliirh  80HH*tnn<\H  afcairiimiiy  dislocations :  and  third,  the 
eoThpliuatinL;  Icsioim  of  thtf  8oft  tissues,  such  hs  injury  to  veusids 
mid  nerves.  Th*'  condition  most  freqnently  confonndcd  with  di?*h> 
cation  is  frH*'tiin*  or  ♦'f»iphyNcal  .separation  of  the  h:>\vcr  end  of  the 
humerus.  In  fnietm-e  of  the  lower  end  of  the  humerus  with  back- 
ward disphicemeiit,  the  sigmoid  i8  not  fovnul  empty  and  it  h 
im|>os.sihh*  to   fet*!   the  enp-shapi'd  dejiression   on   the  head  of  the 


Fig.  23d. — C^ftfto  of  »im|iW  uprniii  of  the  elbuw  iwontyfour  kiuura  After  lh«  ncel 
d»nt.  Not«  llm  »wf4titic  whtrh  m  n*  itrtAiit  »»  i«  ft^en  fulluwini;  fraclurv  ur  dUloeiitiuu 
ftlid  ntftteriiiUy  itiUorfvrra  with  «»iiaiiiiit)»tion  unil  iliii^tHitiiii  X(»tLs  ht)Wt*v<*r,  thai  there  It 
lio  OK^ehymoftin  whirh  b  «o  c^miinuii  in  rr«krturf*«.  nUtr  th<*  tliMt  lw«*lv(!>  or  twrntyfour 
bourti. 

radius  as  shown  iu  Fii;,  U2!).  Tlic  liaeUwant  Llisplacemeat  is  usually 
U^ss  i>roininent  iu  fractures,  and  the  defonnity  is,  as  a  rule,  per- 
eeptihly  ln>rhei\  The  relation  of  ihe  three  bony  prominences  is  dis- 
turbed iu  virtical  fractures  of  tht*  lower  end  of  tlie  humerus,  iu 
disloimtions  of  the  eUK>w  and  iu  fractures  of  the  olecranon,  but  not 
iu  transverse  fractures  of  the  lower  eud  of  the  humerus,  (See 
Fig>>.  2H.'i  to  2»^5  and  compare  the  defonuitiesj  IMs1o<*atiaus  of 
the  upper  cud  of  the  ulna  alone  arc  d  i  tie  rent  ia  ted  from  luxations 
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af  the  *-lhow  liy  tin^  |>osition  of  llu*  in^fn!  of  tlir  i-idiiis  wliirh  rrTimiiis 
ill  it«  proper  rt^latioii  witli  Ujv  ftipitrlliim. 

To  avoid  mistakes  it  is  well  to  identify  the  idiia  at  ils  lower  end 
and  traee  the  posterior  suheutaiieous  border  up  to  the  oleeraiion; 
the  head  of  tlie  radius  may  next  he  ideiUified  and  rotated  by 
siipinating:  and  proaating  the  forearm.  After  these  two  points  have 
bt?en  positively  identified  tliere  will  nsiudly  he  little  diffienlty  in 
reeognizing  the  other  landmarks  of  the  elbow.     When  the  ease  is 


K(c.   U3T 


riUM»    of    lii(*'nil    ilisliMHDon    ut    Ih.^    <'lln»w    lw«Miis  r-mi     l*inH>    uflfi     injury 


Yig     ?HH    —  Snmr*   riuw*   af)«T    |i«(1i|t»tiori    nt   thrfv   botiy    priHiimt'iir't's   iitirl    tiiMrkiiif?   s»uii» 
vtllh  Ink 

ae*cri  early  a  tentative  eliuv-^nosis  enn,  as  a  rule*  l>e  mnde  tjy  inspeetion 
alotie,  hut  if  first  seen  after  swelling  has  devek>ped  it  may  he  quite 
diffieiilt  to  examine  and  determine  the  eondition. 

(tenth*,  firm  and  eordiinied  ]jressiiri^  with  the  tin^'i^r^  in  tlie  repon 
of  tile  eondyh*H  and  oleeranon  will  usually  di-stdaee  the  fluids  within 
the  tiasues  sufficiently  to  allow  the  snrgeon  to  determine  the 
|)Of«itionH  and  eouditions  of  the  three  bony  prominenees.  An  anes- 
thetic i»  often  advisable  if  the  traumatic  reaction  is  pronouueeil  at 
the  time  of  the  examination.     An  even  better  procedure  under  these 
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circuiustanrrs  ( i»rt)vicl«nl  tin-  tlfformity  in  not  s^'reat  luiii  tlir  X-ray 
JK  |iniiii|iUy  Hvailalilt')  '\s  to  Inivo  \\iv  \mriH  iiri<listiirfii'«i  ;mh1  <|rti'r- 
miur  ifir  iiatiiri'  of  Ww  injury  IrtMn  :i  Uotitt!rno$2raiiL 


FifC.  sno. — Aiiii^rliir   luXMtViMt   o/   ilie  dbitw   wtlh   frniiure  of  the  olveriOOii,      (ISjiiaU 
tiniU  iirvn   in  pWU*  nrv  In  it|itiiil  t 


TH*i  c«ri»nuitl  (ijroeniiii  httit  tweti  Ijruki'ti  olT  and  iii  diA|j|iii't'd  luiwurd  by  the  br«i'hi«ti« 
tintiriih,  Tula  tntiM'lo  iw  iimcrted  into  the>  sniierior  turfurc  ft*  wril  tie  ilie  tip  of  tli« 
prcM*!**!  wliirh  uccountfr  fur  itio  ilp^tiiijf  of  ihcr  frbgmcni  jta  ii  U  palled  upuvm^d. 

Fraetnro  of  the  foronoid  is  oflen  difficult  to  recognize  because 
of  the  swt^lliiig.     It  is  frequeutly  impossible  to  palpate  the  detached 
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parnek^  of  boue,  and  tln^  fact  tliat  the  fragment  is  usually  displaced 
upward  prevents  crepitus. 

Complications  are  fortiiualt- ly  rare  yet  tlu^y  do  oeeasioually  occur 
and  should,  if  passible,  bo  reeo^niized  bt4'ore  reduction,  Tlie 
diagnosis  of  these   conditions  is  often  made  otdy  «fter  reduction 


Fit%   24  1 


Fij.  241. —  Bai-kwAril   lu^atioo   frarlurp  of   the  tip  of  thi?  i*oroiit»id   procesK. 
Tig,  2J2. — Bftckwurd  Imciitioti  with  cotnminu1f«d  fracture  of  eoronoid  process. 


¥if,  248, — L«rK«  fruffiDent  «f  corutiuid  dJaplacted  upwurd  h>   tutioii  <*f  biceps. 
turm  TCMtih  of  bftckwurd  ItiJ^ation  of  ^Ibriw. 

Fiir.   X44.- — Fractnru    of    coruiioid    with    only    tslight    riispHarrmeiit, 
■rwd  1ur»n<m  of  clbt>w. 


K«8uU    of    bwjk- 


hns  been  attempted  or  aeeomplished,  and  many  eases  would  go  un- 
reeoi»iiii5ed  if  it  were  not  for  tlie  X-ray.  The  condition  of  the 
reliexei5  and  the  circulation  below  the  level  of  the  lesion  should  be 
di^terniiiied  both  l>efore  and  after  reduction.  Recurrence  of  de- 
formity foUownn^  reduction  is  sugsireative  of  fracture  of  the  lower 
I'Ud  <if  the  huTutTus  or  of  the  eoronoid  process  oC  the  uloa. 

Treatment.— The  treatment  of  dislocations  of  the  elbow  eonsista 
in  returning  the  ulna  and  radius  to  their  normal  relations  with 
the  humerus,  and  immobilizing  the  elbow  for  a  period  sufficiently 
long  to  allow  complete  healing  of  the  ligaments.  The  case  should 
Ih'  attended  as  soon  following  the  aeeident  as  possildc.  The  longer 
th«*  luxation  exists  tiie  more  ditlicult  will  be  the  diagnosis,  the  more 
paiuful  the  parts  and  the  more  pronounced  the  secondary  traumatic 
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reaction.  Rediictioii  of  the  disloeation  is  usually  not  difficulty  aud 
according  to  the  most  coinniou  nu'thotl,  consi«tH  (for  ba<^k\vard 
luxations)  in  traction  and  eounti^r-traction  with  liyper-extension 
of  the  joint  followed  by  flexion.     The  arm  is  firmly  grasped  above 


Fijf,  245. — Method  af  r*'duciij*r  biukwafil  1u!Kaliou  of  the  *-lbow.  Traetion  on  thr 
forewrnj  »t  Ibe  wrist  i*'itb  i-uoiitiT-trHolioii  with  ihis  opiKmilt'  hand  on  fhe  arm.  A 
greJiler  degrfe  of  tjxten»>iori   in  often  iicceHSwry  to  hirlj;  th«*  coronwid  tv  rle«r  the  trochlea. 


-At^ 


FIC-  1I4G, — AnothfT  tncthad  iif  reducinjf  huckward  luJtntionn  of  ihp  ettmw,  TKe 
lower  purt  of  the  nrni  i^  tj:rnN|M'd  with  Ltotli  htindn  tm  sUtyvin  \n  ilhistrntiott  ^htle  the 
thumbfl  forc<?  iht?  ol«»craTUMi  downward  into  p{>#iiluin.  With  the  hand  fijced  un  the  lAbW 
any  desired  dei;ri-»  of  flexiofi  ul   the  elbow  mny  he  obtaiio'd  duriug  thf^  manipulatH^n. 

the  elbow  with  one  hand  while  the  other  makes  traction  from  the 
WTist;  during  this  traf*tiou  tlie  forearm  is  somewlijit  hyperextcuded 
to  allow  the  coronoid  to  clciir  the  trochlea,  afttn*  which  the  forearm 
is  flexed  and  reduction  is  complete,     llic  ligaments  are  usually  torn 
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to  suf^h  an  extent  tliat  tliey  offer  little  n^sistaiice  to  reduction,  but 
Uie  niusek%  especially  in  well  developed  jiersons,  may  as  a  rcsidt 
of  spasm,  render  reduction  extremely  difTlienlt.  A  method  of  rediie- 
tion,  partifularly  adapted  to  children,  consists  in  foreinj^^  the 
olecranon  into  plaee  with  the  thumbs  while  the  lin^jjers  tix  the  arm 
above  the  elbow  as  shown  in  Fig,  24tj.  ]iy  liaving  the  patient  s 
band  resting  on  a  table  tiexion  and  extension  may  be  eontrolled  hy 
raising  or  lowering  llie  elbow  during  the  inariipulution,  thus  helping 
the  eoronoid  to  clear  the  trochlea.  Still  anotlicr  method  is  one  in 
which  the  joint  surfaces  are  sk'i>arated  and  tfexion  of  the  elbow 
accomplished  over  the  operator's  knee.  Reduction  may  also  be 
accoujplished  by  means  of  continuous  traction  with  weights,  but  the 
first  method  described  will  be  foiuid  as  satisfactory  as  any  in  the 
average  case  of  posterior  luxation. 

The  muscles  offer  the  chief  obstacle  to  reduction  juid  accordingly 
the  use  of  an  anesthetic  will  render  difficult  cases  easy.  The  liga- 
ments are  already  much  torn  and  we  should  avoid  ruanipidations 
which  will  subject  them  to  further  injury;  this  point  should  be  kejit 
well  in  mind  when  using  an  anestbetie,  as  the  joint,  under  such 
eonditions,  is  no  longer  protected  by  the  action  of  the  muscles. 
When  the  bones  are  displaced  outward  further  than  is  caused  by  the 
internal  lip  of  the  trochlea  (see  Figs.  231  and  2^2),  they  sboiild  be 
converted  into  a  simple  backward  dislocation  het*orc  reduction  is 
attempted.  The  less  force  used  thi*  better,  and  in  a  given  case  it 
IH  often  preferable  to  try  different  methods  with  moderate  force, 
before  using  any  particular  one  with  uiucb  force.  There  is  probably 
no  method,  in  backwarii  dislocations  of  the  elbow,  which  meets 
the  indications  as  scientiticully  as  does  Kocher's  in  reduction  of 
anterior  luxations  of  the  shoulder,  yet  the  ones  in  use  are  effective 
and  though  not  ideal  are  at  least  satisfactory. 

In  reducing  an  outward  luxation  it  is  of  the  greatest  advantage 
to  have  an  assistant  fix  the  lower  end  of  the  humerus,  thus  affording 
the  sur^on  a  solid  basis  on  which  to  force  the  lumes  of  tbi*  forearm 
into  position.  Before  rednction  is  attempt I'd  the  stirgeon  should 
know  whether  or  not  rotation  is  present,  as  wt-ll  as  lateral  displace- 
ment. With  the  lower  end  of  the  arm  fixed,  traction  is  made  on  tlie 
wriflt,  while  the  opposite  hand  grasps  the  elbow  and  forces  the 
upper  ends  of  the  radius  and  ulna  downward  and  inwanl  around 
tht*  lower  end  of  the  humerus.  If  rlip  limies  of  the  fnri'arm  are  dis- 
placed backwant  as  well  as  outward  it  may  l)e  advisable  to  aecom- 
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plinh  reduction  a8  if  the  displacement  were  straight  backward,  with 
the  addition  of  lateral  pressure  as  the  joint  surfaces  are  being 
brouj^ht  together.  The  most  common  obstruction  to  reduction  is  the 
lodgment  of  an  epitrochlear  fragment  between  the  articular  sur- 
faces. If  tlie  elbow  is  hyper-extended  this  fragment  can  as  a  rule 
be  goiUm  out  from  between  the  articular  surfaces.  Downward 
traction  on  the  semiflexed  forearm  with  a  rocking  motion  will  some- 
timcH  be  effective  in  displacing  the  fragment. 

Hv  due  turn  of  an  inivard  dislocation  is  accomplished  in  a  manner 
NJrnihir  to  correction  of  the  outward  displacement  except  that  out- 
ward prcHHure  is  exerted  during  traction,  instead  of  inward  pres- 
nurv,  Thvn*  is  usually  little  difficulty  in  reducing  this  type  of  luxa- 
tion. 

In  forward  luxations  with  the  usual  fracture  of  the  olecranon, 
rtuUu'i'um  is  accomplished  by  downward  pressure  on  the  upper  part 
of  Um*  Hcniiflcxed  forearm,  thus  forcing  the  head  of  the  radius  back 
(»nlo  the  capitellum  and  the  ulna  back  into  alignment  with  the  frag- 
nii*nt  of  the  olecranon.  In  the  rare  instances  in  which  fracture  of 
flu*  olecranon  does  not  complicate  the  luxation,  reduction  is  accom- 
plished by  acutely  flexing  the  forearm,  and  then  forcing  the  tip 
of  the  olecranon  past  the  trochlea  by  downward  pressure.  In  the 
Inieomplete  form  of  the  dislocation,  in  which  the  olecranon  lies  on 
and  not  in  front  of  the  trochlea,  this  manipulation  is  fairly  safe, 
hut  in  the  complete  form  there  is  grave  danger  of  injury  to  the 
ulnar  nerve.  To  lessen  this  danger  the  arm  should  be  adducted 
until  the  olecranon  has  passed  the  trochlea.  Complete  forward 
luxation  of  the  elbow  is  however  extremely  rare. 

In  divergent  luxations  of  the  elbow  traction  is  to  be  made  on  the 
extended  forearm  and  each  bone  reduced  separately. 

After  reducing  a  dislocation  of  the  elbow,  regardless  of  the  type, 
the  joint  should  be  carried  through  its  normal  range  of  motion  and 
the  parts  carefully  examined  so  that  complications  may  not  be  over- 
looked. 

Operative  Treatment. — Operation  is  indicated  when,  after 
rep(*ated  Irinls  under  an  anesthetic,  the  joint  remains  displaced 
and  in  easels  in  which  complications  such  as  irreducible  fracture  or 
injury  to  vessels  or  nerves  exist.  The  joint  may  be  approached  by 
an  external  longitudinal  or  an  internal  longitudinal  incision,  accord- 
ing to  the  f)reference  of  the  surgeon  and  the  conditions  present. 
T'he  ulnar  nt^rve  lies  internal  to  the  elbow  behind  the  epitrochlea, 
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while  the  rausciilo-spinil  descends  behind  the  supinator  longns  as 

described  in  Operative  Treatment  of  *'Fraetiires  of  the  Lower  End 
j  of  tlie  ITninems''  on  j>a^t^  14H^  and  should  fie  protected  from  iujnr>' 
I  durinjy:  op»eration*     It  may  oec^ionally  he  necessary  to  divide  some 

of  the  ligaments  to  replace  the  bones.  The  external  eondyh^  may  be 
[broken  otf  and  displaced  linekwartl  with  the  radius,  and  if  the  frag- 
Itnent  cannot  be  accurately  reduced  by  manipidation  it  is  advisable 
fto  fiocure  it  with  a  nail  or  wire.  Tbc  ijiternal  cpicondyh^  may  be 
'  separated,  and  when   tbc   fragment   iiee nines  wedtrcd   between  the 

articular  surfaces  it  may  b^^  necessary  to  operate  to  release  it  and 
I  effect  reduction.  Not  iiifrcc|ui*Htly  intcrnrd  fixation  is  indicated  to 
(maintain  reduction  of  tVie  frM|i^riicnt  when  fracture  complicates  the 
i  luxation,  and  the  principles  involved  are  the  same  as  have  already 
I  been  described  luider  the  beadiriir  of  Operative  Treatment  of 
r' Fractures  of  the  Lower  Knd  of  the  Kumenis"  on  page  148.  Frai'- 
[itire  of  the  eoronoid  is  not  an  uncomnioii  complication  and  may,  as 
IB  rule,  be  successfully  (n^atcd  with  the  elbow  in  the  flexed  position. 

When,  however,  the  fraffineut  is  large  and  tbc  upward  displacemeiit 
lis  so  pronounced  as  to  prevent  approximation  hy  flexion,  it  will  be 
ladvisalile  to  oi»erate  and  suture  tlie  fra^^ment  in  position.  Rutnre 
rof  the  litranicut  atid  surround iiiir  soft  tissues  will,  as  a  rnle,  suffice 

if]  lioldin^  the  fragment  in  place. 

I  Complicating  fracture  of  tlic  bead  of  the  radius  (loes  not  call  for 
operative  iu (erven t ion  cxcepf  in  very  rare  cases. 
When  fracture  of  the  olecranon  exists  it  may  he  ditficult  to  keep 
the  frajrments  in  apposition;  oficn  incision  and  internal  tixation  may 
be  CHlled  for  to  secure  proper  rerhiction  of  the  process.  (See  Oper- 
itive  Treatment  of  ''Fracture  of  the  Oleci'anon, "  page  191.) 
'  The  advisability  of  oiieratiu^'  for  tbc  correction  of  old  unreduced 

luxations  depends  abuost  entirely  on  tbc  amount  of  function  lost. 
If  the  patient  is  enjoyiny:  free  use  of  the  joint  and  the  elbow  is 
Liitroni?»  it  will  Ih*  absurd  fo  advis*^  opcnition  si^nply  to  correct  the 
Jeformity.  t)[jeration  for  the  correction  of  old  displaecmcids  is 
[prrfortued  according  to  the  same  principles,  and  the  same  precan- 
jtionH  are  to  be  observed,  as  alnvady  given  in  the  open  treatment  of 
tfccnt  cases.  A  certain  amount  of  tibrous  tissue  will  usually  be 
found  within  the  sigmoid  cavity  and  sboubl  be  removed  before  the 
flnxation  is  reduced. 

After-Treatment — The  aftertrcatruent  consists  in  i  in  mobilizing 
tin*  joint  snfficic fitly  long  to  allow  proper  healing  of  tbc  ligaments. 


*i 


172 


FRACTURES    ANTD   DfSTX>CATM>NS 


Jn  postf^rior  luxations  tlir  anterior  lij^'aioi:*nt  is  most  extensively  torn 
antl  the  tlf'xetl  position  will  hv  the  one  which  will  hring  the  torn 
ends  nearest  to^^'etUer;  tht^  same  hohla  trne  when  the  ooronoid  has 
been  fraetnred,  therefore  the  best  position  will  be  found  to  he 
one  just  sliort  of  aeiite  flexion.  Coinf^lete  flexion  is  a  position  which 
is  ijnite  nneoni  fort  able  and  poorly  adapted  to  the  swelling  of  the 
elbow  whirh  is  to  follow%  and  for  these  reasons  a  position  a  few 
di^^rrtH^s  short  of  eoTn|>lete  flexion  is  advised.  The  arm  and  forearm 
should   he  bandasred   in  tliis  position  and   the  axilla  protected  to 


Fig.   24!^. 


Fiffs.  247  and  2-iS.- — Th«*»e  two  flyures  thaw  the  mnge  of  motion  fourteen  d»yi  »fi«r 
«  posterior  Uixfition  of  tb^  elbow.  Note  how  tho  swelling  bna  aubaided  as  compared  with 
th«  ciiBe  seen   twenty  four  hours   ufjer  the  dislocftlion,   as  shown  in   Fig*.  237   und   23»J. 


prevent  skin  eoniinc  in  contact  with  skin»  and  some  nutans  of  fixa- 
tion applied  as  has  already  been  described  nnder  the  bead  of  "Frac- 
tures of  the  I^ower  End  of  the  Humerus/-  page  210.  Passive 
motion  of  the  joint  should  not  be  be<?nn  until  the  acnte  traumatic 
reaction  lias  fully  subsided,  whieh  will  be  at  the  end  of  a  w*eek  or 
ten  days.  This  will  allow  some  time  for  the  capsule  to  heal,  but 
inniiobi ligation  should  not  be  too  prolonged,  as  unnecessary  stiffen* 
ing^  of  the  elbow^  may  result.  Passive  motion  shoubl  not  be  delayed 
longer  than  tw^o  wrecks  and  should  at  all  times  be  gentle.     When 
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once  he^un  it  shonlcl  be  practispd  every  two  to  four  days  until 
complete  or  nearly  complete  motion  is  regained.  The  use  of  hot 
applications  and  massofife  daily  will  hasten  reeovery.  The  carrying 
of  weights  will  materially  increase  extension  during  the  latter  part 
of  the  after-treatment.  The  elbow  will  show  more  or  less  stiffness 
when  the  dressings  have  been  removed  and  will  remain  so  for  a 
short  time  bnt  this  is  no  oeeasion  for  anxiety  as  fiinetion  will  return 
with  passi%'e  motion*  massajze,  and  use  of  the  arm.  Complete 
extension  will  be  tlie  last  to  return  and  may  never  be  fully  regained 
if  the  periostenra  on  the  back  of  the  humerus  has  been  extensively 
stripped  up  and  followed  by  a  deposit  of  new  bone  under  it  in  the 
region  of  the  oleeranon  fossa.  The  fixation  does  ijoi  need  to  be 
as  ahsolute  as  is  maintained  in  fracture,  but  should  be  kept  up  for 
two  to  three  weeks,  and  action  requiring  mueh  strength  should  be 
avoided  for  another  twti  to  thn»c  werks.  The  attitude  to  be  jiartic- 
ularly  avoided  is  eornj>h'te  extension  within  a  week  of  the  injury, 
and  this  should  be  the  last  [>osition  in  whieh  musfular  elTort  is  per- 
missible, after  the  patient  is  again  usiug  the  ann. 

P'ixation  in  a  position  of  supination  will  tend  to  relax  the  su|una- 
tors  and  should  be  employed  when  eomplieafing  fracture  of  the 
external  eondyle  or  epieondylr^  exists.  Flexion  and  pronation  will 
relax  the  pidl  on  the  internal  condyle  and  epi trochlea  in  the 
prem'nce  of  fracture  in  this  region. 

The  after  treat uicut  of  forward  disloeations  is  uuu^h  tbi*  same  as 
hafi  already  been  described.  The  presence  of  complications,  such 
in*rv<*  or  vessel  injury,  uuiy  necessitate  operation.  The  uIurf 
ve  may  be  si  retched  or  torn  and  require  suture. 
The  after-treatment  of  ilivergeot  dislocations  is  much  tlie  same 
other  disloeations  about  the  *'lbow.  The  joint  should  be  put  at 
It  for  a  month  to  allow  the  ligaments  to  heal,  but  absolute  fixa- 
tion  ia  not  as  desirable  as  it  is  in  fracture.  It  is  well  to  (ix  the 
in  a  posterior  right  angle  splint  for  the  first  ten  days  to  two 
after  whieh  a  sling  may  be  used  whieh  su[*ports  the  entire 
forearm.  After  the  splint  has  been  removed  gentle  passive  motion 
mny  be  employed  at  intervals  of  four  or  live  days,  but  should  he 
painless.  8ome  restrietioo  of  motion  may  follow  the  injury  and 
mibgeiiuent  immobilization,  but  this  is  better  than  a  condition  of 
recurrent  dislocation.  At^cordingly,  in  view  of  the  extensive  injury 
6ustaine<l  by  tlie  ligaments  and  soft  tissues,  it  is  preferable  to  incline 
toward  the  nafer  course  and  not  allow  motion  too  soon.     Extreme 
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extension  should  be  avoided  during  passive  motion  and  the  patient 
should  be  warned  against  strain  in  this  position  for  some  months 
following  the  accident. 

Prognosis. — The  prognosis  in  luxations  of  the  elbow  depends  on 
the  extent  of  laceration  sustained  by  the  ligaments  and  the  presence 
of  complications.  The  amount  of  damage  to  the  ligaments  is  in 
direct  proportion  to  the  extent  of  displacement.  In  simple  cases 
of  posterior  luxation  we  may  look  for  complete  restoration  of  func- 
tion if  the  after-treatment  is  properly  carried  out.  The  last  few 
degrees  of  extension  may  be  permanently  lost,  but  this  does  not 
disturb  the  usefulness  of  the  joint  and  is  negligible.  Extensive 
injury  to  the  soft  tissues  and  complicating  fracture  will,  of  course, 
render  the  prognosis  more  doubtful. 

Young  persons  make  more  rapid  and  complete  recovery,  while  on 
the  other  hand  those  advanced  in  years  (especially  with  rheumatic 
diathesis)  are  liable  to  be  troubled  with  the  joint  for  a  long  time. 
Fortunately  the  more  common  forms  of  dislocation  are  followed  by 
useful  and  strong  joints,  if  the  ligaments  are  allowed  time  to  heal. 
The  dislocations  that  are  accompanied  by  great  laceration  of  the 
ligaments  are  most  likely  to  be  followed  by  weakness  of  the  parts  or 
recurrence  of  the  displacement.  Nerve  injury  accompanying  the 
accident  may  be  followed  by  paralysis  and  anesthesia,  the  same  as 
nerve  injury  from  other  causes.  Damage  to  nerves  usually  consists 
of  simple  stretching  and  is  generally  not  severe.  As  a  rule  recovery 
takes  place  wnthin  a  few  months  at  most.  Complete  rupture  of  a 
nerve  results  in  a  permanent  paralysis  unless  operated,  and  even 
then  recover^'  may  ))e  extremely  long  and  tedious.  The  ulnar  nerve 
is  most  fre(iu(»ntly  involved,  the  nuisculo-spiral  next,  while  the 
median  nerve  rarely  sulTers  injury.  Considering  the  frequency 
with  which  the  elbow  is  dislocated  injury  to  the  nerves  in  this  region 
is  rare,  and  the  ultimate  prognosis,  even  in  cases  of  complete  sever- 
ance, is  good,  if  the  divided  ends  are  brought  together  and  properly 
sutured  soon  after  the  accident. 


CHAPTER  XI. 

DISLOCATIONS  OF  THE  ULNA  ALONE   (ROTARY). 

Surgical  Anatomy. — The  surgical  anatomy  of  luxations  of  the 
upper  end  of  the  ulna  alone,  is  similar  to  that  already  given  in 
*  *  Dislocations  of  the  Elbow  ^'  on  page  154.  Dislocations  of  this  type 
are  quite  rare,  whereas  luxations  of  the  elbow  (both  bones)  are  by 
no  means  uncommon. 

The  upper  end  of  the  ulna  may  be  displaced  either  backward  or 
fonvard,  describing  the  arc  of  a  circle,  of  which  the  undisplaced 
radial  head  is  the  center.  Both  types  are  exceedingly  rare,  but  of 
the  two  the  posterior  is  the  more  common.  In  either  form  the  inter- 
os.seous  membrane  and  oblique  ligament  are  probably  not  torn,  and 
the  head  of  the  radius  remains  in  position  on  the  capitellum.  The 
injury  is  probably  produced  by  trauma  which  twists  the  forearm  at 
the  same  time  adducting  or  abducting  it. 

Sjrmptoms. — The  posterior  variety  presents  a  characteristic 
clinical  picture.  The  forearm  is  more  or  less  extended  and  there 
is  a  pronounced  ^^gunstock  deformity."  The  olecranon  is  promi- 
nent and  raised,  though  the  displacement  is  usually  not  as  pro- 
nounced as  seen  in  posterior  luxations  of  both  bones.  The  tip  of 
the  eoronoid  may  rest  on  the  trochlea,  or  behind  it,  or  the  upper  end 
of  the  bone  may  be  still  further  displaced  so  that  it  rests  behind  the 
external  condyle.  The  further  the  backward  displacement  of  the 
upper  end  of  the  ulna,  the  more  external  will  be  the  ])osition  occu- 
pied by  the  olecranon  and  the  more  pronounced  will  be  the  cubitus 
varus.  The  epitrochlea  is  prominent  and  more  anteriorly  situated 
than  normal,  with  relation  to  the  forearm.  There  is  a  com])ensatory 
outward  rotation  of  the  humerus  to  accommodate  the  altered 
position  of  the  forearm.  The  internal  lateral  ligament  may  be 
ruptured  or  an  equivalent  avulsion  of  the  epitrochlea  may  exist. 

In  forward  luxations  the  ligamentary  laceration,  especially  on 
the  inner  side  of  the  elbow,  is  greater  and  the  causative  trauma  is 
more  8<»vere.  The  forearm  may  lie  anywhere  between  semiflexion 
and  complete  extension.     There  is  abnormal  lateral  mobility  in  the 
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direction  of  abduction.  The  top  of  the  olecranon  lies  either  on,  or 
in  front  of,  the  trochlea  and  the  position  of  the  forearm  is  one 
of  pronounced  abduction.  In  other  words,  the  carrying  angle  is 
greatly  exaggerated. 

A  third  form  of  luxation,  so  rare  as  to  scarcely  deserve  descrip- 
tion, is  on(»  of  inward  luxation.  In  this  type  the  upper  end  of 
the  ulna  is  displaced  inward  so  that  the  sigmoid  embraces  the  epi- 
trochlea,  while  the  radius  remains  in  contact  with  the  c^ipitelluni. 
The  interosseous  membrane,  oblique  and  orbicular  ligaments  are 
of  necessity  ruptured  and  the  upper  part  of  the  forearm  is  greatly 
broadened. 

In  all  three  forms  of  luxation  of  the  ulna  the  head  of  the  radius 
probably  suffers  a  slight  subluxation,  but  since  it  remains  in  contact 
with  the  capitellum  it  may  for  practical  purposes  be  considered 
in  normal  position. 

Treatment. — In  backward  lusations  reduction  is  easily  accom- 
plished by  extension  and  counter-extension  in  much  the  same  way 
as  has  been  described  in  the  ** Treatment''  of  ** Dislocations  of  the 
Elbow.''  The  adduction,  which  is  due  to  the  radius  remaining  in 
place,  must  be  taken  into  account  and  requires  a  forced  abduction 
of  the  elbow  as  extension  and  counter-extension  are  being  made. 

In  forward  luxations  the  ulna  is  returned  to  its  normal  posi- 
tion by  inward  rotation  of  the  upper  end  of  the  forearm,  accom- 
panied by  adduction  of  the  forearm  as  the  olecranon  clears  the 
trochlea. 

The  After-Treatment,  Operative  Treatment  and  Prognosis  are 
similar  to  those  already  given  under  ** Luxations  of  the  Elbow," 
pages  170,  171  and  174. 


CHAPTER  XII. 
DISLOCATIONS  OF  THE  HEAD  OF  THE  RADIUS. 

Surgical  Anatomy. — The  head  of  the  radius  may  be  likened  to  a 
short  cylinder.  The  upper  end  of  the  cylinder  articulates  with 
the  capitellum  and  is  slightly  concave.  The  sides  of  the  cylinder 
are  in  contact  with  the  orbicular  ligament  and  lesser  sigmoid  cavity 
while  the  lower  end  of  the  cylinder  is  continued  into  the  neck  of 
the  radius.  The  lower  end  is  slightly  less  in  diameter  than  the 
upper  end  of  the  cylinder,  and  the  orbicular  ligament  thus  secures 
a  hold  on  the  upper  extremity  of  the  bone  which  tends  to  prevent 
downward  displacement.  The  interosseous  membrane  and  the  ob- 
lique ligament,  together  with  the  orbicular  ligament,  bind  the 
radius  to  the  ulna  though  they  allow  free  motion  in  pronation  and 
supination.  The  external  lateral  ligament  of  the  elbow  is  not 
attached  to  the  radius  but  divides  and  blends  with  the  orbicular 
ligament,  passes  in  front  of  and  behind  the  radial  head,  and  is  at- 
tached to  the  ulna  anterior  and  posterior  to  the  lesser  sigmoid 
cavity.  The  head  of  the  radius  articulates  with  the  lower  end  of 
the  humerus  and  with  the  ulna  at  the  lesser  sigmoid  cavity. 

The  radial  head  may  be  displaced:  backward,  outward,  forward 
or  downward.  The  exact  mechanism  of  dislocations  of  the  radius 
is  not  clear.  The  matters  of  importance  are  that  the  head  is  dis- 
placed and  requires  reduction.  Fracture  of  the  radial  head  or 
neck  or  of  the  upper  end  of  the  ulna  may  accompany  the  luxa- 
tion. 

Malgaigne's  luxation  (downward  subluxation)  has  also  been  the 
subject  of  much  discussion  and  there  is  little  known  concerning 
the  mechanism  of  the  injury.  The  consensus  of  opinion,  however, 
is  that  there  is  a  slight  downward  luxation  of  the  radial  head,  and 
that  there  may  be  some  infolding  of  the  ligaments  between  the 
articular  surfaces.  This  luxation  is  confined  to  children,  usually 
under  three  or  three  and  a  half  years  of  age,  and  is  due  to  trac- 
tion in  the  axis  of  the  radius. 

There  is  no  hard  and  fast  line  to  be  drawn  between  outward  and 
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backward  luxations  of  the  radial  head,  one  form  merges  into  the 
other.  The  relation  between  these  two  types  is  much  the  same 
as  that  already  noted  l^etween  backward  and  outward  luxations 
of  the  elbow.  Any  form  of  isolated  luxation  of  the  radial  head 
is  rare  as  compared  with  luxations  of  the  elbow. 

Symptoms. — In  any  type  of  luxation  of  the  head  of  the  radius 
there  is  pain  in  the  region  of  the  injury  and  loss  of  function  im- 
mediately followin<r  the  accident.  The  deformity  will  vary  with 
the  direction  of  the  displacement. 

In  the  haH'ward  or  outward  types  the  head  is  felt  standing  out 
in  a  position  anywhere  between  posterior  and  external  to  its  normal 
position,  and  may  be  identified  by  the  characteristic  cup-shaped  ex- 
tremity and  by  its  rotation  with  the  shaft  during  pronation  and 
supination.  The  forearm  is,  as  a  rule,  completely  pronated  and  in 
a  position  just  short  of  complete  extension.  Further  examination 
shows  that  supination  is  checked  by  the  altered  mechanism  of  the 
joint,  though  strange  to  say  this  function  seems  to  be  regained  in 
old  unreduced  luxations. 

In  forward  luxations  the  elbow  is  partially  flexed  and  the  fore- 
arm may  be  either  supinated  or  pronated,  usually  the  latter.  Pro- 
nation is,  as  a  rule,  coHii)lete,  and  passive  supination  blocked. 
Flexion  beyond  a  right  angle  is  never  possible  in  recent  cases;  the 
head  of  the  radius  coining  in  contact  with  the  anterior  surface  of 
the  bone  prevents  flexion.  Palpation  of  the  forearm  below  the 
external  condyle  reveals  the  absence  of  the  radial  head  from  its 
normal  position.  The  bend  of  the  elbow  is  usually  swollen  and 
the  displaced  end  of  the  bone  may  be  palpated,  though  it  is  seldom 
as  distinctly  felt  as  is  the  case  in  backward  and  outw^ard  luxations. 
Old  unreduced  cases  may  show  remarkable  restoration  of  function 
as  in  the  backward  and  outward  types. 

Downward  luxation  is  productive  of  very  mild  symptoms.  The 
child  flinches  at  the  time  of  the  injury  and  may  cr>'  out.  Dis- 
inclination to  use  the  arm  is  at  once  noted,  the  forearm  being  held 
in  a  ])osition  of  slii^ht  flexion  and  complete  pronation.  The  child 
sufl^ei's  little  or  no  pain  as  long  as  the  elbow  is  not  brought  into 
play,  and  accordingly  the  i)atient  is  very  averse  to  having  the  mem- 
l>er  examined  or  in  any  way  disturbed.  If  it  were  not  for  this 
disinclination  to  use  of  the  member,  the  injury'  might  frequently 
escape  recognition.  Tlicre  is,  as  a  rule,  no  deformity  about  the 
elbow  to  ho  appreciated  by  citlier  inspection  or  palpation.     In  some 
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iiiHtaiKfOH  there  may  be  a  slight  separation  between  the  head  of 
th<*  radius  and  f'ai)itelluni  but  this  is  usually  so  trivial  as  to  be 
wrarcely  iienreptiblo.  Loss  of  function  may  persist  for  a  long  time 
if  proper  treatment  is  not  instituted,  though  ultimate  disability 
of  the  meuil)er  seldom  occurs. 

Diagnosis. — The  diagnosis  of  luxations  of  the  radial  head  depends 
on  the  restriction  of  motion,  the  characteristic  attitude  and  pal- 
pation of  the  head  of  the  l)one  in  its  displaced  position  while  the 
upper  end  of  the  ulna  remains  normally  placed.  The  diagnosis 
of  Malgaij^ne's  luxation  is  based  largely  on  the  history  of  the  case 
and  the  disinclination  on  the  part  of  the  child  to  use  the  member. 
The  history  is  typical.  The  condition  is  the  result  of  the  per- 
nicious habit  of  lifting  a  child  by  the  hand;  mothers  are  prone  to 
do  this  in  helping  children  on  and  oflF  of  street  cars,  and  in  hurry- 
ing them  along  the  street.  Following  injury  to  the  arm  in  this 
way  the  child  fails  to  use  the  member  and  objects  to  having  it 
disturbed. 

The  X-ray  is  of  value  chiefly  in  determining  associated  lesions, 
such  as  fracture  of  the  radial  head  or  neck  or  of  the  external  con- 
dyle of  the  humerus,  or  a  break  in  the  ulna. 

Treatment. — Reduction  in  the  backward  and  outward  types  is 
usually  easy,  though  the  head  may  tend  to  slip  out  again  as  soon 
as  the  arm  is  released.  Retentive  dressinj2:s  should  be  in  readiness 
before  returninjx  the  head  to  its  normal  position.  Extension  and 
count(T«»xtension,  accompanied  by  direct  pressure  on  the  head  in 
the  direction  of  the  capitellum,  will,  as  a  rule,  effect  reduction. 
Th(»  (legrer  of  flexion  in  which  there  is  least  tendency  for  the  head 
to  slip  out  of  position  should  be  determined  in  each  case  and  the 
joint  immobilized  in  this  position.  A  pad  maintained  in  place 
by  straps  of  adhesive  and  exerting  direct  pressure  on  the  upper 
end  of  the  bone  may  be  of  service  in  preventing  recurrence  of  de- 
formity. The  head  of  the  bone  may  be  fractured  against  the 
capitellum  as  it  is  driven  out  of  place,  and  when  this  complication 
exists  it  may  increase  the  tendency  to  relnxation. 

In  fonrurd  luxations  similar  principles  are  employed.  Reduc- 
tion is  accomplished  by  extension,  counterextension  and  direct 
backward  pressure  on  the  displaced  head.  When  the  head  of  the 
radius  is  felt  to  move  backward  the  elbow  is  flexed  and  the  ma- 
nipulation is  complete.  To  prevent  recurrence  of  deformity  the 
elbow  should  be  inunobilized  in  a  position  just  short  of  acute  flexion 


DISLOCATIONS  OP   HEAD  OP  RADIUS  181 

(see  Fig.  210).  When  luxation  of  the  radial  head  is  complicated 
by  fracture  of  the  ulna,  increased  diflSculty  may  be  experienced 
in  preventing  reluxation.  In  addition  to  treating  the  dislocation 
we  have  the  fragments  of  the  ulna  to  maintain  in  apposition. 
Under  these  circumstances  internal  and  external  angular  splints 
will  be  found  more  efficient  than  the  position  of  acute  flexion  ad- 
vised in  the  uncomplicated  anterior  dislocation.  If  the  elbow  is 
to  be  immobilized  at  a  right  angle  the  ordinary  internal  and  ex- 
ternal angular  splints  will  be  satisfactory.  If,  however,  some  other 
degree  of  flexion  is  desired  plaster  splints  may  be  needed.  If 
ordinary  means  are  not  efficient  in  preventing  deformity  in  either 
the  fracture  or  the  luxation  operation  should  be  resorted  to. 

Th£  reduction  of  Malgaigne's  luxation  is  usually  accomplished 
without  difficulty.  It  consists  in  forcing  the  head  of  the  radius 
upward  against  the  capitellum,  and  is  accomplished  in  the  fol- 
lowing manner.  The  surgeon  grasps  the  lower  part  of  the  arm  to  fix 
the  humerus  while  the  opposite  hand  secures  the  forearm  at  about 
its  middle;  the  forearm  is  then  rotated  (supinated  and  pronated) 
while  upward  pressure  in  the  axis  of  the  radius  forces  the  head  of 
the  bone  up  against  the  capitellum.  Reduction  is  usually  accom- 
panied by  a  soft  click,  after  which  all  the  functions  of  the  joint 
are  found  to  be  normal  and  painless.  Aften  this  maneuver  is 
complete  the  elbow  is  tested  by  carrying  the  forearm  through 
flexion,  extension,  supination  and  pronation.  If  the  function  is 
not  completely  restored  and  painless  the  manipulation  should  be 
repeated.  It  may  be  necessary  to  alternate  extension  with  upward 
pressure.  It  will  only  be  a  few  hours  following  reduction  until 
the  child  is  using  the  arm  freely  and  without  discomfort.  The 
condition  is  not  a  serious  one  even  if  allowed  to  go  ynreduced, 
but  proper  treatment  will  relieve  the  child  and  obviate  much 
anxiety.  The  displacement  will  not  return  unless  the  same  forces 
which  first  produced  the  subluxation  are  again  inflicted  on  the  parts, 
and  accordingly  all  that  is  necessary  to  prevent  recurrence  is  to 
see  that  those  having  to  do  with  the  child  are  thoroughly  informed 
and  cautioned  concerning  the  manner  in  which  the  injury  was  pro- 
duced. 

Operative  Treatment. — The  open  method  is  indicated  when  other 
means  fail  to  accomplish  and  maintain  reduction  for  the  correction 
of  ancient  luxations  and  occasionally  in  the  treatment  of  compli- 
cations.    A  longitudinal  incision  is  made  over  the  head  of  the 
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radius,  the  bone  exposed  and  reduction  effected  by  direct  manipu- 
lation. It  may  be  possible  to  suture  the  torn  orbicular  ligament 
after  the  head  has  ])een  replaced,  though  in  some  cases  it  may  be 
difficult  to  recognize  this  structure.  In  any  case  it  is  proper  to 
suture  the  structures  surrounding  the  upper  end  of  the  bone  in 
such  a  manner  as  to  prevent  redisplacement.  When  the  radial 
head  is  much  conuninuted  it  is  often  better  to  remove  the  frag- 
ments, round  up  the  end  of  tlie  bone  and  suture  the  tissues  about 
it.  Rotation  of  the  upper  end  of  the  bone,  as  evidenced  by  supina- 
tion and  pronation,  is  seldom  lost  following  these  operations  if  the 
axis  of  the  radial  shaft  remains  unchanged.  Moreover  these  cases 
usually  show  a  surprising  stability  of  the  joint  when  recovery  is 
complete. 

Complicating  fracture  of  the  upper  end  of  the  ulnar  shaft  is 
not  an  uncommon  condition  accompanying  anterior  luxation  and 
may  demand  operation  to  maintain  reduction  in  both  fracture 
and  dislocation.  The  dislocation  is  not  particularly  prone  to  recur 
but  the  fracture  is  sometimes  difficult  to  hold  in  reduction  because 
of  the  instability  of  the  radio-humeral  articulation.  It  is  more 
often  necessary  to  wire  the  fracture  in  the  ulna  than  it  is  to  operate 
on  the  luxation.  If  tlie  ulna  is  approached  through  a  posterior 
incision  and  the  fragments  secured  by  internal  fixation  it  will  often 
be  possible  to  treat  the  luxation  in  the  flexed  position,  and  thus 
prevent  displacement  of  the  radial  liead. 

If  the  upper  end  of  the  bone  has  been  allowed  to  remain  dis- 
placed the  removal  of  longitudinal  pressure  commonly  results  in 
an  over-growth  of  tlie  bone  with  a  corresponding  increase  in 
length.  In  operating  on  ancient  luxations,  therefore,  it  may  be 
necessary  to  resect  the  head  of  tlie  bone  before  the  shaft  can  be 
brought  back  into  alignment.  Old  anterior  luxations  come  to 
operation  more  frequently  than  either  the  outward  or  posterior 
types  because  of  the  loss  of  acute  flexion  in  forward  dislocations. 
The  excellent  functional  results  following  operation  on  old  cases, 
even  when  the  head  is  resected,  are  often  surprising. 

Malgaigiie's  subluxation  never  requires  operation. 

After-Treatment. — The  elbow  should  be  fixed  in  the  position 
h  ast  favorable  to  recurrence  for  a  period  of  at  least  twenty-five  to 
thirty  days.  In  anterior  luxations  there  is  usually  less  tendency 
to  recurrence  and  accordingly  tlie  period  of  fixation  need  not  be 
so  long.     1'hree  to  four  weeks  will,  as  a  rule,  be  ample.     When  frac- 
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ture  complicates  luxation  union  of  the  fragments  is  the  chief  con- 
sideration in  the  after-treatment  and  the  retentive  dressings  should 
be  removed  only  after  one  is  satisfied  that  union  is  firm  (usually 
four  or  five  weeks).  When  fracture  is  present  the  case  will  require 
more  careful  supervision.  The  traumatic  reaction  is  greater  and 
the  same  precautions  are  to  be  observed  as  cited  under  fractures 
of  the  bones  of  the  forearm.  Malgaigne's  luxation  requires  no 
after-treatment. 

Prognosis. — In  the  uncomplicated  luxation  of  the  head  of  the 
radius,  where  reduction  has  been  effected,  restoration  of  function 
should  be  complete.  If  complications  exist  the  prognosis  varies 
with  the  nature  of  the  associated  injury. 


CHAPTER  XIII. 
FRAOTrRES  OF  THE  BONES  OF  THE  FOREARM. 

In  considering  fractures  of  the  radius  and  ulna  it  will  be  found 
more  satisfaotory  to  describe  them  according  to  the  level  of  the 
brtiik  rather  tlian  to  take  up  each  bone  separately  from  end  to 
end*  It  is  well  appreciated  that  various  combinations  of  fractures 
mn^v  exist  in  the  forearm  regardless  of  the  level;  thus  the  lower 
end  of  tlu»  radius  and  the  upper  end  of  the  ulna  may  be  broken  at 
the  8ame  time,  or  a  fracture  of  the  neck  of  the  radius  may  be  ac- 
tHMnpiuiimi  by  a  break  in  the  lower  end  of  either  bone.  It  is  mani- 
ftHitly  impracticable  to  enter  into  the  details  of  these  various  pos- 
nible  combinations  of  fracture,  but  if  the  student  appreciates  the 
nwtuiH*  of  tlu^  breaks  as  described  in  the  following  pages  he  will 
Ih»  «bh»  to  modify  the  treatment  to  meet  the  requirements  of  un- 
imual  co?nbinations  of  fracture  as  they  occur. 

The  order  in  whicli  fractures  of  the  bones  of  the  forearm  will  be 
conNidered  is  as  follows: 

Kractun^s  of  the  upper  end  of  the  ulna. 
Kracturcs  of  the  upper  end  of  the  radius. 
Knu'turcs  of  the  shafts  of  the  radius  and  ulna. 
KriicturcN  of  the  lower  end  of  the  ulna. 
Krncturcs  of  the  lower  end  of  the  radius. 


CHAPTER  XIV. 
FRACTURES  OP  THE  UPPER  END  OF  THE  ULNA. 

Surgical  Anatomy. — ^fuch  that  has  already  been  said  concerning 
the  anatomy  of  ** Fractures  of  the  Lower  End  of  the  Humerus" 
(page  120)  and  *' Dislocations  of  the  Elbow"  (page  154)  is  equally 
important  in  fractures  of  the  upper  end  of  the  ulna  since  the  re- 
gion is  the  same.  Fractures  of  the  ui)per  extremity  of  this  bone 
may  be  of  the  olecranon,  the  coronoid  or  just  below  the  latter 
process  in  the  upper  thickened  portion  of  the  shaft.  Occasionally 
the  nature  of  the  break  or  its  position  is  atypical.  Th6  most  im- 
portant and  at  the  same  time  the  most  common  fracture  occurring 
in  the  upper  end  of  the  ulna  is  of  the  olecranon  process.  This 
process  is  large,  thick  and  curved,  and  projects  upward  behind 
the  lower  end  of  the  humerus  when  the  elbow  is  extended.  Its 
upper  surface  is  roughly  quadrilateral  and  affords  attachment  to 
the  tendon  of  the  triceps.  A  portion  of  this  tendon  is  continued 
through  a  heavy  aponeurosis  onto  the  posterior  surface  of  the 
process,  and  thus  the  pull  of  the  triceps  may  be  exerted  on  the 
lower  fragment  in  fractures  of  the  olecranon,  when  the  aponeu- 
rosis is  not  torn.  The  upper  margin  of  the  olecranon,  anterior  to 
the  insertion  of  the  triceps,  affords  attachment  to  the  posterior 
bands  of  the  lateral  ligaments.  These  ligaments  serve  to  keep 
the  anterior  surface  of  the  process  in  contact  with  the  trochlea 
when  broken  off  from  the  remainder  of  the  bone.  The  posterior 
surface  of  the  olecranon  is  covered  by  a  bursa  and  when  this 
bursa  is  inflamed  or  enlarged  as  in  ** miner's  elbow'*  the  deformity 
may  be  marked.  It  does  not  resemble  fracture  but  has  been  mis- 
taken for  it 

The  interior  of  the  olecranon  is  composed  of  a  fine  meshed  can- 
cellous tissue,  while  the  surface  consists  of  compact  tissue,  varying 
in  thickness  in  different  regions  of  the  process.  The  compact  bone 
is  thickest  in  the  region  corresponding  to  the  sigmoid  cavity.  That 
covering  the  posterior  surface  of  the  process  is  a  little  heavier 
than  occurs  in  the  adjoining  regions.     The  cancellous  tissue  below 
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the  eoronoid  proeefts  is  quite  wide  nit\slied  and  not  as  stroll^!  as 
tliat  foiiml  in  the  olecranon.  About  luilf  nn  un*li  brlow  the  poro- 
noad  the  compact  bones  l>egins  to  i^row  tlueker  and  rapidly  in- 
ereases  in  weight  as  the  middle  of  tin*  sliaft  is  approached.  The 
^iruetuiv  of  the  l>one  in  the  oleeranon  explains  the  iiiadvisahiHty 
of  using  nails  or  screws  when  seeurini,'  the  frai^jments  by  internal 
fixation.     (See  Fig.  269.  pa^'e  204;) 

The  up|HT  epiphj-sis  of  the  ulna  eonsists  of  a  thin  Inver  or  seale 
of  bone  at  the  lop  of  the  olecranon  whirh  first  shows  ossifiealion 
in  tlie  Irtith  war*  and  joins  I  he  shaft  ditriiii;  the  sixteenth  or 
$^Viiteeiitfa  yt%r.  The  fact  that  the  trierps  is  attaehed  not  only 
to  the  upp^r  rml  of  the  olet^ranon   but   to  tin-   posterior  surfaee, 


|\g    v\:       \%»il*«i»u  ftf  curllcftl  Inyer  uf  cumpeicL  tiiwuf  in  which  iriri^^iB  finds  inaer- 

IHH^kllita  for  I  In*  eoti»]>arative  rarity  of  avulsion  and  separation  of 
,  iphyNlH,     The    line    of    th*»    epiphyseal    eartilaire    has    been 

,         i  .,  M  for  ri'Heture, 

Aa  |irf»vlou»*ly  stated  the  powerful  triceps  is  inserted  into  the 
(lievranoti  priveess  of  \Uv  idna,  bnl  its  antagfonist  tlu'  biee[ts  is  at- 
Uelnnt  to  I  he  taeipital  tuberosity  of  the  radius.  Thus  it  will  be 
liiUed  that  tite  ht^avy  extensor  and  flexor  muscles  of  the  forearm 
Hl^  llbie  to  balatiee  eaeli  otfier  only  because  the  two  l>ones  of  the 
f^lV^ariu  HH*  (irudy  bound  luL^t^tlier.  Frneture  of  the  oleeranon, 
Hf  flw*hUt^  WU\\\  Mie  level  of  the  sigmoid  cavity  with  separation 
of  (he  fia^rn*eht«.  rlestroys  the  l>alanee  between  the  hieeps  and 
M'*lee|»w.  The  hraehialis  antieus  altaehed  to  the  eoronoid  process 
(i  a  rtennf,  anil  m  fr.iefures  below  the  process  this  mnsele  tends  to 


If.   254. — Sftine 


KlbiiW     h]itfhll>      (U'nil,     sliitwinjf     increA.sr     of    diiUitiee    be- 


on  the  oiitetretrhed  hauil  tlu*  trieop»  is  firmly  fixed  in  anticipation 
lif  the  blow.  If  the  force  is  jj:reat  the  hand  is  forced  toward  the 
body  nnd  a  heavy  strain  is  sustained  by  the  jirooess.  I'nder 
tbefK^  ciretimstances  the  ejhow  nsnally  strikes  the  ground  hh  flexion 
incre4ues.  Thus  there  is  a  eoirdiination  of  direet  and  indirect 
%'iol<*nc<\  and  it  is  difficidt  to  dtstiii^nish  which  of  the  two  is  the 
more  important  etiologic  element.     Cases  are  kiiow^n  in  which  the 
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injury  soeins  to  have  been  produced  entirely  by  muscular  action, 
while  in  other  instances  direct  violence  alone  has  undoubtedly 
been  responsible  for  the  fracture.  Fracture  of  the  olecranon 
produced  experimentally  by  direct  violence  has  been  of  a  different 
type  than  that  commonly  seen  clinically.  The  amount  of  displace- 
ment of  the  upper  frajajment  is  usually  greatest  in  cases  resulting 
fro!n  nuiscular  action  though  great  separation  is  sometimes  seen 
where  the  injury  has  In^en  caused  by  a  blow  on  the  elbow.  The 
(UHplncement  depends,  to  a  great  extent,  on  the  tearing  of  the 
aponeurosis  on  the  pasterior  surface  of  the  process.  The  line  of 
rra<*t»ire  is  usually  transverse  and  most  often  occurs  at  the  bottom 
of  the  sigmoid  fo^sa  where  the  process  is  thinnest.  The  break 
»iM»ially  enters  tiie  joint  and  when  compound  the  elbow  is  exposed 
to  ini'eetion.  The  deformity  is  usually  characteristic;  the  upper 
fragment  follows  the  curved  surface  of  the  trochlea  so  that  the 
spnct*  h»ft  i)t»twei»n  thi»  broken  surfaces  is  the  shape  of  a  truncated 
wedge,  with  tlit*  luirrow^  end  of  the  wedge  transversely  situated 
against  the  trochlea  while  the  base  stands  backward  and  down- 
wanl. 

|<^'aeture  of  the  coronoid  is  an  extremely  rare  condition  except 
MM  a  complication  of  backward  dislocation  of  the  elbow  (q.  v.). 

In  fractures  below  the  coronoid  it  is  not  uncommon  to  find  the 
head  of  the  radius  luxated  forward,  which  condition  has  been 
deseribed  under  ** Dislocations  of  the  Head  of  the  Radius." 

Ssrmptoms.  -Immediately  following  the  injury  the  patient  finds 
that  he  is  unal>le  to  actively  extend  the  forearm,  though  motion 
may  be  accomplished  passively  or  by  the  action  of  gravity.  Motion 
In  painful  and  tlie  patient  usually  supports  the  forearm  in  a  semi- 
Hexed  position  with  the  uninjured  member.  When  separation  is 
preMcnt  the  deformity  is  characteristic  if  seen  early  before  the 
cIIkiw  is  much  swollen.  The  ])oint  of  the  elbow  is  gone;  the  pos- 
terior aspect  of  the  joint  has  a  rounded  efi'ect  instead  of  its  normal 
angularity,  and  in  some  cases  the  position  of  the  displaced  frag- 
ment may  be  determined  by  inspection  alone.  Swelling  of  the 
part«  comes  on  rapidly  in  most  cases,  and  after  it  is  well  established 
there  is  nothing  characteristic  in  the  outline  to  differentiate  the 
condition  from  the  swollen  states  seen  following  other  injuries 
about  the  elbow.  Palpation,  however,  readily  clears  up  the  diag- 
nosis as  shown  in  Fig.  2^}i}.  In  many  eases  there  is  separation  of 
l.lic  fragments  wIkmi  the  forearm  is  flexed  but  none  with  the  elbow 
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in  extension,  and  aecordingly  th<?  evidences  of  separation  will  vary 
with  the  degree  of  flexion  at  the  elbow.  Lateral  mol>ility  may  be 
noted,   especially   abnonnal    alKloction    of   the    forearm.     The   dis*- 


F((C,  2.'t5. — Frartur«i  of  tlie  olecninon  jkt>oiit  niip  w»H'k  ifillowiiiff  iht«  acridpnt.  The 
rhamri^riRtic  dHorrnity  »ei'n  in  reeenl  o»»«i'»  is  hiTc  i*1*sciiri'd  by  the  intense  frWf^lJing. 
Nate   i^echyinoikiB.      Dia^ftiosih  f^nnot   be   ainde  hy    iuspeeiton   Alone, 


FIf  256.— Same  t'Aiw*,  Dmginoiis  cMftblidhpd  by  palpjiliim,  Thumlp  re*t«  on  tor» 
■f  ilitrttnon.  The  tndfx  niiiecr  iKi'iipU'^i;  Uip  tlrprCftRion  hotw«><;i)  thf>  frujrnjifnU.  Th(» 
^Awii  finger  rt«U  on  the  upper  rrtd  of  the  lower  IrAemeiit.  Note  how  tbe  iudpx  fingrrr 
MUB  III  betwern  the  fragrmeni*, 

tance  bf^tween  the  fragments  is  variablp,  the  greatest  separation 
being:  «een  in  old  cases  wilh  fibrous  niiion,  in  whieh  the  bond  has 
itretcbed  with  use. 
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It  is  not  uncommon  to  see  fracture  of  the  olecranon  with  little 
or  no  separation  of  the  frajrnients,  and  under  these  circumstances 
some  of  the  characteristic  symptoms  will  he  wanting.  The  power 
of  active  extension  will  he  sli<rhtly  if  at  all  disturbed  though  the 
action  will  be  painful.  Lateral  mobility  of  the  process  and  crepitus 
are  usually  present  though  they  are  often  not  well  marked  when 
the  fracture  has  been  accompanied  by  only  slight  tearing  of  the 
aponeurosis.  With  separation  of  the  fragments  crepitus  can  only 
be  elicited  when  the  fragments  are  approximated  and  the  broken 
surfaces  rubbed  together.  Ecchymosis  is  almost  invariably  seen 
within  twenty-four  hours  of  the  accident. 

In  compound  cases  the  wound  is  usually  situated  on  the  pos- 
terior aspect  of  the  elbow  and  it  may  be  possible  to  see  the  line 
of  fracture  and  the  displaced  fragment. 

Fractures  of  the  coronoid  and  fractures  of  the  ulna  just  below^ 
this  process  have  been  considered  under  **  Dislocations  of  the 
Elbow.  ^'  Isolated  fracture  of  the  ulna  just  below  the  coronoid  is 
an  extremely  rare  accident  and  is  usually  the  result  of  direct 
violence.  It  will  be  accompanied  by  abnormal  mobility,  crepitus, 
loss  of  function,  etc. 

Diagnosis. — If  the  case  is  seen  early  there  will  usually  be  little 
difficulty  in  recognizing  fracture  of  the  olecranon  if  the  symptoms 
just  described  are  sought.  Fracture  without  displacement  may 
escape  recognition  if  the  parts  are  not  thoroughly  and  carefully 
examined.  The  posterior  border  of  the  ulna  is  subcutaneous 
throughout  and  by  tracing  it  upward  from  below  the  position  of 
the  fracture  and  the  displaced  fragment  can  as  a  rule  "be  felt. 
Even  where  there  is  no  displacement  it  is  often  possible  to  detect 
some  loss  of  alignment  on  the  pasterior  border  of  the  olecranon 
and  by  grasping  the  process  laterally,  motion  and  crepitus  may  be 
elicited.  In  establishing  a  diagnosis  of  fracture  of  the  olecranon 
the  elbow  should  be  examined  systematically  as  already  described 
under  "Fractures  of  the  Lower  End  of  the  Humerus"  (page  137) 
and  in  ''Dislocations  of  the  Ell)ow''  (page  163). 

The  condition  must  be  differentiated  especially  from  fractures 
of  the  lower  end  of  the  humerus  and  backward  luxation  of  the 
elbow. 

Treatment. — The  methods  of  treatment  employed  will  depend 
entirely  on  the  conditions  present.  Where  there  is  no  separation 
the  right  angle  splint  will  meet  the  requirements  of  the  case,  in 
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l^dditioii  ilifiLroiial  .slrii^s  of  zinc  oxiiJr  aflhe^ivr  should  be  ho  plnepd 
te  to  biml  down  the  olcinnioii  aiu]  ivliew  tlu*  uppi-r  fra^^rnent 
of  the  ilisplariti^  aHioii  of  the  trif^ps.  Whrn  tlisplacement  oxists 
tilt*  tiini^'lioiiorvd  Htrai*.'fil  s[>liiit  is  intiieattnl.  Thr  t'lbow  shonlti 
not  }>e  treatjed  in  extreme  exteitsiou  be<*ause  in  the 
first  place,  the  position  i»et*omes  intolei*al>le  to  the 
patient  in  a  short  time  and  sec»on<lly,  the  ti[j  of  tiie 
oleerarion  in  this  attitude  is  ni>t  Hullieiently  proviii- 
ii«*nt  to  afford  the  proper  pun^hase  for  the  straps 
of  adhenive  used  in  binding  the  fra^nient  in  a  po- 
sition of  reduetion.  A  straight  hoard  may  be  used 
a  little  broader  tlian  the  ami,  and  with  siiffieient 
padding  at  the  ell^ow  to  allow  a  few  degn^e**  of 
flexion.  The  splint  should  be  neenrvd  by  three 
Ktrips  of  adliesive  plaster  encireling'  the  member; 
one  at  either  extremity  of  the  splint  and  the  third 
just  above  the  elljow.  It  should  extend  from  a  i>oint 
just  l^elow  Hie  axillary  fold  to  the  wriHt^  there  is 
little  to  be  i^rained  Uy  extendintr  the  splint  dow^nward 
to  include  the  hand,  the  patient  Uniig  much  more 
comfortahle  when  some  aetion  at  the  wrist  and 
fingers  Ls  allowed.  The  straight  splint  is  very  eum- 
bersome  at  best  and  is  imt  a  iit*sirat>le  method  of 
fixation  when  other  means  <*an  be  made  to  ac- 
eomidi^h  the  purpose  A  neat  anil  satiafaetory 
met  hod  of  making  a  straiptht  sjdini  is  to  us*^  quarter- 
inch  iron  wire;  tliis  is  fient  to  bt  the  arm  in  a  posi- 
tion »hort  of  complete  extension  and  bandage*!  the  [;°"7^'*;;f '""fr 
%mne  Hs  the  Cabot  [K>stenor  wire  H[dint   employed    *^^^^^^ 


I 


Fill.     2;i7.— niiia- 
irntiw  I  lie  u*«'  of  thff 

frarture 

the      olecrnnoil* 

ihn     di  Agonal 

in  thi»  treatmerd  of  fraetun^s  of  the  leg.  A  slight  "^f^J^  bfnds''?hrip*' 
»H*nd  is  nnule  at  the  elbow  to  allow  a  little  flexion  ]K4[on''*'^srJKni%!Ix 
of  the  forearm,  When  the  fracture  is  comi*ound  "l?  f  ^^\,  ^'^^Z 
tt  !><hould  l>e  treated  a<*eonliiig  to  the  priiu'ii>les  laid  J^^^JJ;**  "*'''''  "'  ••*' 
ilown  under  *'The  Treatment  of  Compound  Pnu*- 
tures  and  Luxatii)iis. "  on  pa^e  7.^9, 

Operative  Treatment  -Of  late  years  operation  has,  to  a  great 
extent,  Mupplanted  the  ordinary  methods,  and  there  has  been  a 
great  deal  of  diHcussion  on  the  stihie(*t,  pro  a?id  con.  Tliere  is 
a  large  proportion  of  cases  which  make  excellent  functional  re- 
foverie«  without  operation,  and  it  is  unwise  to  resort  to  the  open 
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method  in  all  cases.    When  the  fracture  is  not  compound  and  there 
is  no  displacement  of  the  fragments  operative  intervention  can  ac- 
complish nothing,  but  on  the  other  hand  when  there  is  displacement 
which  cannot  be  perfectly  corrected  or  when  the  fracture  is  com- 
pound there  is  no  method  that  will  be  as  successful  as  operation. 
Between  these  two  types  is  a  third  class  in  which  the  best  mode  of 
procedure  is  not  so  evident.     When  the  condition  is  not  compound 
and  there  is  only  moderate  separation,  which  can  be  fairly  well 
corrected  by  other  means,  the  question  then  arises:  does  the  patient 
prefer  to  submit  to  an  operation  for  the  sake  of  a  more  rapid 
and  perfect  result,  or  would  he  rather  endure  a  more  protracted 
convalesceniv  and  assume  the  responsibility  of  an  imperfect  func- 
tional n^sult  wliich  may  ^  with  fibrous  union?     In  these  border- 
land eases  the  situation  should  be  laid  before  the  patient  and  he 
should  W  the  one   to  assume  the   responsibility  if  operation  is 
n^jtH^t^nl     Kibnnis  union,  when  the  fragments  are  close  and  the 
mastt  of  tibr\»\is  tissue  heavy,  is  usually  accompanied  by  excellent 
r^vMuits,  ttiut  oastss  in  which  these  conditions  obtain  are  a  strong 
aivumeut  aviaiJ»«*t  operation.     It  should  be  remembered,  however, 
thai   it    in  inipiwsible   to   foretell  just  how   strong   fibrous  union 
will  W  in  H  K'iven  ease.     The  age,  condition  and  occupation  of 
thi*  jM^tiout   HIV   factors  which   must  be  taken  into  consideration 
in  adviHiu^^  the  proper  method  of  procedure.     Limitation  of  full 
evtonwiou  in  directly  proportionate  to  the  separation  of  the  frag- 
luenln      \f  tht*  broken  olecranon  is  displaced  upward  it  becomes 
rn'Mttni  in  tht^  olecranon  fossa  before  the  elbow  is  fully  extended, 
and  th\iM  motion  is  limited.     Full  extension,  therefore,  cannot  be 
c\p»M*tcd  MulcHs  the  fragments  are  in  accurate  apposition.     It  might 
ho  stated  aN  n  ruh»  that  young  or  middle  aged  persons,  especially 
of  tho  woi'kiiijx  class,  should  be  operated  when  the  fragments  can- 
Mot  bo  approximated  by  ordinary  methods.     By  the  open  method 
oolivaloKconco  is  shortened  and  the  function  of  the  joint  is  more 
oomplotcl.v  rcHtored. 

TIm»  procoHM  is  exposed  through  a  longitudinal  incision  external 
to  till*  |MwtiM'ior  surface  of  the  olecranon.  The  scar  in  this  position 
In  not  t^xpoHcd  to  jiressure  when  the  patient  rests  the  elbow  on  a 
tatijo  or  otluM'  convenient  object.  After  the  fragments  are  ex- 
posed two  tranHVcrst*  holes  are  drilled  one  above  and  the  other 
liojow  tln^  plane  of  the  fracture.  All  loose  tissues  are  then  cleared 
Mwa.v  lictwtM'n  the  two  fractured  surfaces  and  the  upper  fragment 
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hroupht  down  and  aceurately  fitted  into  the  serrations  of  the 
lower  one.  Suture  material  is  then  passed  throii^^h  the  holes  and 
the  fra^raents  solidly  secured  in  positian  Ini^tead  of  tliis  method 
a  heavy  mattress  suture  may  be  placed,  an  shown   in   Vig,  259. 


dr< 


Fif.  268, — ^Prireture    of    oleornnon    hliuwitii; 
uilfifB  l«ndiiifr  to  rorreet  the  deformity. 


^iNiiuiinii    uf    (rngmfinis    in    apHe    of 


Fiir,  250, — Bmne  cam*  Hhowinjc  nt-^ut-nl^  rf^tlii^lioti   rf^tlowiiiip  ot>erfttt<»n  in  which  mitt- 
•utuir*  of  tilTi*r  wire  waa  iiHr<l  to  niAifitJiiu  rei1uc1i(in< 


Tberi!  lias  been  eonsiderahle*  diaeussion  concerning  the  best  type 
of  Mature,  and  of  late  absorbable  materials  sueh  as  chromic  catgut 
and  kanj^aroo  tendon  havtt  been  freqiiently  ernyiloyiuL  TIh^  author 
rrnich  prefei*H  wire  to  absorbabh/  material,  siu«*e  tiie  latter  h  more  or 
leva  likely  to  soften  and  streteb  before  the  eallus  is  firm  enough  to 


i 


194  FRACTrRES   AND   DISLOCATIONS 

withstand  the  un«voidablo  tension  of  the  triceps,  and  when  it 
do<»H  there  will  he  at  least  some  slight  separation  of  the  fragments. 
Silver  wire  has  no  streteli  in  it  and  will  hold  the  fragments  in 
position  as  lon^  as  may  bt»  necessary,  and  in  addition  will  permit 
of  early  aiul  n^peated  j)a8sive  motion  with  greater  safety.  (See 
•^Operative  Tn»atinent  of  Fractures/'  page  758.)  In  compound 
eases  tlu»  wound  should  he  irrigated  with  a  few  gallons  of  physi- 
ologic sterile  sidt  solution,  and  the  edges  of  the  wound  trimmed 
of  devitalized  tissue  as  d<»scribe<l  in  **The  Treatment  of  Compound 
Kraetun^s  and  Luxations/'  on  page  789.  Internal  fixation  of  the 
fraguu^nts  should  iu>t  he  performed  at  the  initial  operation  in  com- 
pound castas  though  it  uu\y  he  passible  to  retain  the  fragments  in 
poaition  l>y  suturing  the  fascia  covering  the  posterior  surface  of  the 
pnH»es8»  in  eliKsing  the  wound.  A  secondary  operation  may  be  done 
after  the  wound  in^ndering  the  condition  compound),  has  healed 
and  the  danger  of  intVvtion  has  passed. 

Kollowing  a  firm  internal  fixation  of  the  fragments  the  upper 
extremity  nuiy  Ih»  inunobili/Anl  with  an  internal  right  angle 
Mpliht. 

i>ld  easisH  of  fraetun*  of  the  olecranon  sometimes  require  opera- 
tiuM  lHva\iHi^  of  separation  of  the  fragments  and  loss  of  function. 
*rhe  \luMeuUy  is  puivly  mechanical  and  calls  for  mechanical  cor- 
hvtuu\  T\\K'  joint  is  apprwu'hed  through  a  longitudinal  incision 
i^H  j\^xt  \loM'ribed;  the  til)rous  tissue  is  excised  and  the  upper  frag- 
\\\y\\\  l»nmirht  down  into  apposition  with  the  lower.     The  ends  of 

I  he  hai^iurnts  must  Ix*  freshened  before  being  sutured  together, 
hut  M^  \\\\U'  hony  tissue  sliould  be  removed  as  possible.  In  cases 
^il  Uuii;  stiUHJins,^  it  lujiy  be  n(x.*essar>-  to  lengthen  the  tendon  of  the 
Uivr|»h  so  lluit  the  ellmw  may  be  fully  flexed  after  the  fragments 
loiNe   Imtu  suturtMl   together. 

Ih  \i\yv  instances  rnicture  of  the  coronoid  may  require  operation 

II  the  liH^-'inenl  is  hirge  and  much  displaced,  and  if  immobilization 
til  ihr  rlhoNv  in  the  flexed  position  does  not  effect  reduction.  It 
will  Mniinll.N  Im-  possible  to  retain  the  fragment  by  suture  of  the  soft 
|iitil>t  ninrr  llhi'e  is  little  displacing  action  if  the  elbow  is  subse- 
t|Mrnll\  lK«'d  *H»<'  treated  in  the  flexed  position.  In  making  the 
iiH  inion  lo  expose  tilis  process  the  greatest  care  should  be  exercised 
lo  US  oh!  Mi.jurv  to  tl»e  brachial  artery  and  median  nerve  as  they 
p.iMi  mio'.n  I  lit'  bend  of  the  elbow. 

I'lMiluir  i»r  the  up|M»r  end  of  the  ulna  below  the  coronoid  is 
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espec'ially  rjirf*  aiul  sf*likjiii  n^qiiires  oi^eratioti  except  whon  accom- 
panied by  aiitiTior  dislociitioii  of  the  el  how.  The  treat  ment  of  this 
eonditioii  has  been  considered  under  "  r)ish)eatioii8  of  the  ElUow/' 
page  170. 

After*Treatmeiit. — If  iioii-uperative  metlrods  have  been  fodowed 
and  the  atraifrht  splint  used  tlie  ami  should  he  iiisjjeeted  daily  for 
the  first  two  weeks  to  see  that  there  is  no  undue  eonstrietiou  of  the 
part5  and  that  the  straps  binding  the  oleeranon  down  are  aceoin- 
plishintf  the  purpose.  The  same  jnv^eautions  are  to  be  observed  if 
the  right  angle  splint  m  employed.  If  the  noft  tissues  have  suffered 
mneh  injury  it  is  usuaJly  advisabV  to  delay  rednetion  of  the  frac- 
ture until  the  trainnatie  reaetion  has  subsided.     !>urin»:  this  time 


PigU  260.  —  niufitruteM  melhtifl  of  employ ini^  nitHHivf  inuilMn  in  Ihp  ufl^rtrfaliiK^iit  o( 
imtinrt*  ot  the  uWniimri.  The  thuiiili  furttis  ilu-  (►]<'crnii«tn  u*  fitllov.  iIm-  Hhiift  of  th** 
mimm  •«  llw  tilbow  ia  being  flexed, 

it  is  lH»8t  to  treat  the  patient  in  IhmI  witli  the  arm  imuiobilized  on  an 
internal  rijfht  angle  splitd.  The  hitermittt^nt  use  of  the  ice  cap 
will  aid  materially  in  controlling  the  reaction.  The  swelling  will,  as 
A  rule,  have  8ul»sided  sntTii*iently  at  the  end  of  a  week  or  ten  days 
to  permit  of  reduetion  and  i!umohili/.ation„  or  operation  if  thought 
bf^.  Mafwaf^e  is  of  great  service  after  the  swelling  has  jiassed  otf 
but  i»  capable  of  doing  bartn  during  the  active  iuftamrnalory  reac- 
tion. Passive  motion  Hhould  bi*  instituted  at  the  end  of  two  weeks 
but  should  be  guarded,  gentle  ami  painless  at  first,  and  the  arm 
fthould  he  carried  through  only  a  few  degrees  of  f1«'xi(Hi.  At  the 
riid  of  three  weeks  much  freer  motion  is  permissiIHe  in  manipu- 
lating the  elbow.     The  greatest  care,  however,  should  be  exercised 
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at  all  times  not  to  cause  separation  of  the  fragments  during  passive 
motion,  especially  if  they  have  not  been  wired.  In  moving  the 
joint  the  thumb  should  be  placed  above  the  process  as  shown  in 
Fig.  260  and  downward  pressure  exerted  on  the  end  of  the  process 
to  force  the  fragment  to  follow  the  movements  of  the  shaft  during 
flexion  of  the  elbow.  Early  passive  motion  is  essential  to  the  pre- 
vention of  adhesions  within  the  joint,  yet  if  not  properly  guarded 
it  may  do  more  harm  than  good.  Union  of  the  fragments  usually 
t^ikes  place  at  the  end  of  three  or  four  weeks,  but  the  callus  is  not 
strong  enough  to  withstand  much  strain  at  this  time.  At  the  end 
of  four  or  five  weeks  immobilization  may  be  discontinued.  At  the. 
i»nd  of  two  and  a  half  to  three  months  recovery  is  complete  though 
the  patient  should  be  cautioned  not  to  use  the  arm  in  any  work 
nHjuiring  violent  extension,  within  six  months  from  the  time  of  the 
injury. 

Prognosis. — The  prognosis  depends  on  the  severity  of  the  injury 
(ind  the  eflloieney  of  the  treatment.  In  the  uncomplicated  case, 
with  Httle  or  no  separation  of  the  fragments,  perfect  restoration 
of  ruuotion  should  follow  non-operative  treatment.  Recovery  with 
fibrous  \nuon  may  or  may  not  be  accompanied  by  a  useful  elbow. 
It*  tho  tibruus  tissue  is  short  and  thick,  function  will,  as  a  rule,  be 
wood.  If  it  is  tliin  and  stretches  with  use  the  power  of  the  triceps 
w  ill  ho  h»ssontHl  or  last  and  extension  incomplete.  Severe  traumatic 
roniih>!i  and  prolonged  immobilization  of  the  elbow  render  the 
|.rt»L!iH>sis  \vorsi\  since  they  are  productive  of  joint  adhesions.  Ap- 
l»io\im,Mti(>n  of  the  frairments  by  internal  fixation  and  early  pas- 
NJN.'  motion  «n»  usually  followed  by  complete  restoration  of 
function.  It  is  of  course  possible  to  have  perfect  function  with 
filirous  luiion,  while  on  the  other  hand  loss  of  function  may  be 
prononnotnl  even  when  the  anatomical  result  is  perfect.  The  larg- 
«Nt  ]}*Ti'('U\H\:t'  of  [xTfect  results,  however,  will  be  found  in  the 
i'Hst'H  sliowin«j  the  mast  perfect  rtnluetion,  other  things  being  ei|ual. 
In  ('ittii]>it\nu\  cases  the  projrnasis  depends  largely  on  whether  or 
not  the  joint  iieconies  infected.  (See  ''Treatment  of  Compound 
Kractnres  an<i  Luxations/'  page  789.) 


CHAPTER  XV. 

FRACTURES  OF  THE  UPPER  END  OF  THE  RADIUS. 

Surgical  Anatomy, — Tho  sections  on  ''Surgical  Atiatomy''  under 
the  headings  of  ''Fractures  of  the  Lower  End  of  the  Humerus/* 
**Di8locatioim  of  the  Elbow"  and  *' Dislocations  of  the  Head  of  the 
Ratlins*'  apply  in  a  large  meaanre  in  fractures  of  the  upper  end 
of  the  radius.  The  head  of  the  boue  is  surrounded  Ivy  the  orhicu- 
lar  ligauieiit,  exeept  wlun^e  the  latter  eoiiies  in  eontaet  with  the 
lesser  sigmoid  cavity  of  the  ulna.     The  supinator  brevis  is  attached 


Fiif.  26  L 


Fif.  262. 


Fir  261. — Fruchire  of   bead   unci   neck  of  radius* 
V\g,   2<f2,— (U»rumit)uteit  fracture*   of  h64id  of  rtMltus. 


^^  to  the  shaft  and  extends  upward  onto  and  almost  eompletely  snr- 
roands  the  neck  of  the  bone.  The  biw'p«  is  attaehed  to  the  pos- 
lerior  h«df  of  the  tuberosity  and  aets  as  a  supinator  of  the  forearm 
as  well  as  produeinj^  flexion.  A  bursa  is  interfmsed  between  the 
tendon  of  this  nnm<de  and  the  anterior  half  of  Ihe  tuberosity.  The 
interior  of  the  head  of  the  radios  is  composed  of  a  Iiiip  rneslied 
enncellous  tissue  whieh  is  eovereil  by  a  layer  of  compact  hone. 
The  surface  comf»aet  tissue  is  heaviest  on  t!ie  top  of  the  head.  The 
circumference  of  the  head,  comin$r  in  eontaet  with  the  orbicular 
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lif^^anifTit,  is  eoven^d  by  only  a  very  tliiii  Inyer  of  ronipaet  Inine. 
That  found  on  tlir  siirfaL'e  of  thi^  iieek  is  a  littk-  heavier.  The 
tiliK^rosity  is  not  a  ht?avy,  solid  prominenLv  of  compact  tissue  but 
is  coini»OKPrl  on!y  of  a  thit-k  crust  of  compact  bone,  tJie  iuterior 
beiii^  made  up  of  a  wide*  meshed  eaucelloua  tissue. 

T\m  upper  epiphysis  of  the  radius  consists  of  a  scale  of  bone 
c'orrrs|ioiidiiifr  to  the  superior  articular  surface.  When  viewed 
interally  under  the  X-ray  it  appears  as  a  line,  throwing  much  the 
Kamc  nhadow  as  woidd  a  coin  seen  on  ed^rc.     This  epiph)*sis  beiiins 


fig.  2611.—  Kriu'hm"  ol    Uvud  arnl   netk  of  nidiuft. 

to  Oisify  in  the  fifth  yt^nr,  ami  joins  the  shaft  during  the  seven- 
frt'ulfi  ar  ciK**tcenth  year.  i 

l''rnrturc  of  the  ujiper  end  of  tlie  radius  is  rare.  The  head  may 
la*  broken  us  a  eoiuplieiition  of  bixations,  by  violence  transmitted 
in  the  louf*  axis  of  if^e  ishaft  (sneli  m  sustaine<l  in  falls  on  the 
ImmhI  !  *iud  by  din^^t  trainnti.  The  fracture  may  consist  of  a  small 
fragment  detached  from  tlie  articubir  surface  or  the  entire  head 
liiJiy  \m  extcLisively  comminuted,  impaction  of  the  neck  into  the 
heiirl  U  not  mi  uncorinuon  type  of  injury.  When  this  m^eurs  im- 
\mt'ium  iw  usually  greater  on  one  side  ol  the  boue  than  on  the 
ifihfr,  no  the  head  is  no  longer  *'true''  when  the  shaft  is  rotated. 


i. 
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Fniotiires  of  the  net-k  arc  UKually  Iransverso  or  iifiirly  so.     A  verti- 
cal fracture  may  exist  passing  throiitrh  boih  head  and  neck, 

Fracturi^B  of  the  uppt^r  end  of  the  radius  are»  as  a  rule,  accom- 
pHDied  by  only  slight  deformity,  if  any,   and  almost  invariably 


Fig-  261.— Frtclnre  or  head  of  radius. 


^      FIf.   >$5. — Fmctttf*  of  heiikd  of  rmdiun,      N*:ck  of  lioui-  hus  bent  inip»i<^iofi  inu*  ln*iid 

exist  as  eompUeations  of  disluealions  of  tlu*  i-lbuw  or  radial  lit^ad 
aIodc.  or  of  fractnrc  of  the  lower  end  of  the  huaierus  or  of  the 
ulna.  Ah  an  isolated  injury  they  are  unusual  though  iiy  no  inean>* 
as  rare  as  supposed  in*ior  to  the  advent  of  the  X-ray. 

Symptoms. — Fraeture  of  tlie  liead  af  the  radius  alone  i>s  often 
productive  of  very  few  symptoms,  and  if  not  thorouudily  examined 
the  condition  may  he  overlooked  an<l  treated  as  a  sprain.  Loral 
puin  am]  swelliuir  are  j) resent  over  the  head  of  the  hone.  The 
ftwelliog  may  extend  halfway  down  tfie  outer  aspect  of  the  forearm 
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and  local  spasm  of  the  muscles  in  this  region  is  almost  invariably 
j)resent.  Siii)ination  and  pronation  are  usually  possible  but  this 
rotary  action  of  the  forearm  may  be  restricted  through  spasm  and 
pain,  or  by  the  head  of  the  bone  being  **otf  center."  If  a  frag- 
ment becomes  displaced  into  the  joint  it  may  block  either  flexion 
or  extension  of  the  elbow. 

It  may  be  possible  to  detect  crepitus  by  direct  manipulation  and 
in  some  cases  a  fragment  may  be  felt  and  moved.  Crepitus  is  most 
commonly  elicited  by  supinating  and  pronating  the  forearm  while 
the  tinge rs  of  the  opposite  hand  palpate  the  head.  The  head  of 
the  bone  may  or  may  not  rotate  with  the  shaft  during  this  manipu- 
lation, depending  on  whether  or  not  the  fractured  surfaces  are 
firmly  engaged.  It  is  impossible  to  detect  crepitus  in  impacted 
cnNes.  Failure  of  the  head  to  rotate  with  the  shaft  is  conclusive 
when  present,  but  it  is  not  at  all  uncommon  to  find  the  head  ro- 
tating with  the  shaft  in  the  presence  of  fracture  of  the  head  or 
neek.  When  tiie  fractured  surfaces  are  not  engaged  the  biceps 
may  pull  the  upper  end  of  the  lower  fragment  forward  and  the 
n»Hulting  change  in  the  axis  of  the  radial  side  of  the  forearm  may 
Ih»  apparent.  This  forward  displacement  by  the  biceps  usually  hin- 
ilers  flexion  until  the  deformity  is  corrected. 

Dittgnosis.  -The  diagnosis  of  fracture  of  the  upper  end  of  the 
rntliuN  may  be  very  easy  or  quite  diflficult,  depending  on  the  symp- 
ttmiN.  ir  tlie  |)arts  are  carefully  examined  it  will  usually  be  pos- 
Nihli*  to  determine  the  nature  of  the  injury  by  the  symptoms  just 
dt«Ncril»e(l,  but  in  some  cases  (especially  well  muscled  persons  and 
inHlniMM's  in  wliich  the  swelling  is  pronounced)  a  Rontgenogram 
may  he  necessary  to  arrive  at  a  diagnosis.  Behind  the  external 
condyle  of  the  humerus  and  head  of  the  radius,  and  internal  to 
the  extensor  tendons  arising  from  the  epicondyle,  is  a  depression 
or  dimple  which  alT'ords  ready  access  in  palpating  these  bony  parts. 
A  Hiiglil  transverse  depression  between  the  capitellum  and  radial 
head  niay  he  felt  and  th^  radius  should  be  distinguished  from  the 
liiinieius.  The  surgeon  should  not  make  the  mistake  of  palpating 
file  external  condyle  to  determine  rotation  of  the  radial  head. 
Sneli  a  mistake  would  not  seem  probable  yet  the  author  has  seen 
il  made  more  than  once.  The  X-ray  should  be  used  if  there  is  the 
leiiHl  donbt  as  to  the  nature  of  the  condition. 

Treatment.  The  management  of  these  cases  depends  on  the 
nnliire  of  tiie  fracture,  the  displacement  of  the  fragments  and  the 
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L'iatiocL  of  otlirr  Irsioiiis.  WJirii  the  frac^tiire  is  f^onlined  to 
he  hea<i  the  oH«i<MilHr  lijijanu^rit,  if  not  riipturLMi  will  uHiiallj  pre- 
vpiit  dLsphifeiiHMit  of  lilt*  nuiiii  frai^tueuts,  Ihou^^h  a  (mrtion  ol'  the 
head  may  escape  into  the  joint  and  require  removal.  As  a  rule, 
however,  fraetiire  of  ilw  upper  enil  of  the  radius  calls  for  little 
aside  from  iinmoliilizatioii  of  tVie  forearm,  whieh  is  well  aeeotii- 
plished  hy  an  internal  right  an^le  splint.  If  the  head  is  hadly 
(*ommimifed  it  may  be  advisable  to  remo%*e  the  fra^armrnts,  round 
up  the  end   of  the  shaft  antl  serure   it  in   plaee  hv  suturiiiu^  the 


Fir  2«<S.  »  '^     -'^' 

Fiit«^  •ti(l  «nii  'HM. — Loan  of  curryinj;  atit^l<3  nnd  jiruii  »lOik  di-^fiprmHy  the  re«uU  o( 
irmnurp  of  b«Mh  httneu  hfiow  t*»o  «Hio» .  enijmliuu  ui  thiJ*  rust*  fthows  lh«^  Itumernl 
r«itidjrlr>«  Hnd  olt'rrnnon  to  b<*  in  nnrmrU  r<>lutifju.  Lo«ft  of  tarvyinx  miKlc  n^nil  Kim- 
•li*ek  (l4»fitrniity   ure  uminHy  itiv  n-sull  of  fraiUire  uf  lli^  lower  vnd  of  ihr  hnmt^rnM. 

orhieular  llgMTiient  and  other  adjacent  fibrous  tissue  over  it.  When 
oliMnietion  to  tlrxion  or  i\xtenKion  is  caused  hy  a  drtaeht^d  frasT- 
ment  of  tht^  h^'ad  it  shoiihl  be  removed.  Wlieu  thr  fracture  is 
below  the  hi*ad,  and  tht*  shaft  is  displaetHl  forwartj  by  thi^  action 
of  the  birepH,  Ihe  sjilint  should  be  so  paddrd  that  pressure  will  be 
made  in  a  backward  din'clion  on  tin*  up|i**r  vm]  of  the  lower  frag- 
ment. The  nse  of  patls  ami  the  acutrly  tlvwd  position  should  never 
employed  at  the  sainr  tiuH',  'fhe  use  of  jiaddint?  in  the  bend 
tlic  elbow  with   thp  forearm  in  aeule  t!exion,  may  give  rise  to 
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serious  disturbances  of  the  circulation  and  in  the  function  of  the 
median  nerve.  When  the  fracture  is  below  the  orbicular  ligament 
acute  flexion  will  sometimes  afford  better  reduction  than  the  use 
of  direct  pressure  and  the  right  angle  splint. 

Operative  Treatment. — Operation  may  be  indicated  for  the 
removal  of  a  loose  fragment  in  the  joint  or  to  apply  internal  fixa- 
tion to  a  fracture  of  the  neck  when  other  means  fail  to  maintain 
reduction.  The  open  method,  however,  is  seldom  called  for  in 
recent  cases.  When  a  loose  fragment  requires  removal  the  incision 
will  be  made  according  to  the  position  of  the  fragment.  For  other 
conditions  of  the  upper  end  of  the  radius,  requiring  operation  the 
posterior  longitudinal  incision  will  be  found  as  satisfactory  as  any. 
The  posterior  aspect  of  the  external  condyle  is  a  landmark  from 
which  the  incision  is  begun  and  carried  directly  downward  from 
two  to  three  inches;  after  the  skin  incision  is  made  the  muscles 
are  separated  and  the  upper  end  of  the  radius  exposed.  In  the 
presence  of  much  comminution  the  head  is  to  be  excised,  the  end 
of  the  shaft  rounded  up  and  sutured  in  place.  If  the  fracture  is 
somewhat  below  the  head  it  may  be  possible  to  so  place  a  loop  of 
wire  that  the  lower  fragment  will  be  bound  to  the  upper,  thus 
preventing  the  forward  displacement  due  to  the  pull  of  the  biceps. 
The  action  of  the  biceps  may  be  somewhat  further  relaxed  by  put- 
ting the  arm  up  in  greater  flexion  than  the  right  angle.  There  is 
little  that  can  be  done  with  fra'cture  of  the  head  aside  from  exci- 
sion, but  unless  the  comminution  is  great  it  is  best  to  wait  and 
determine  how  much  restriction  of  motion  will  be  present  when 
recovery  is  complete.  If  the  loss  of  function  is  then  pronounced 
a  secondary  operation  may  be  performed  and  the  head  removed. 
It  is  surprising  what  good  results  often  follow  complete  excision  of 
the  head.  Fractures  above  the  lower  border  of  the  orbicular  liga- 
ment seldom  unite,  regardless  of  the  treatment  employed,  so  there 
is  little  use  in  attempting  anything  in  the  way  of  operative  pro- 
cedure aside  from  excision  in  fractures  confined  to  the  head. 

After-Treatment. — The  after-treatment  of  fractures  of  the  upper 
end  of  the  radius,  like  other  fractures  about  the  elbow,  requires 
close  attention  to  avoid  constriction  when  swelling  sets  in,  and  as 
the  arm  decreases  in  size  during  the  subsidence  of  this  swelling 
the  dressings  should  be  tightened  daily  to  secure  proper  support 
and  immobilization.  In  children  union  will  be  present  at  the  end 
of  two  and  a  half  weeks,  but  is  not  firm  enough  at  this  time  to 
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permit  of  removal  of  all  dressings;  the  member  should  be  pro- 
tected and  supported  for  another  ten  to  fifteen  days  before  all 
splints  are  removed,  especially  if  the  child  is  active  and  not  easily 
controlled.  In  adults  the  parts  should  be  immobilized  for  a  period 
varying  from  three  to  five  weeks  according  to  the  age  of  the 
patient.  If  the  fracture  is  confined  to  the  head  union  cannot  be 
expected,  regardless  of  the  period  of  immobilization,  and  the  most 
important  element  in  the  after-treatment  is  then  the  early  insti- 
tution of  passive  motion  to  preserve  the  rotary  action  of  the  fore- 
arm. Passive  supination  and  pronation  should  be  begun  as  early 
as  the  end  of  the  first  week  or  ten  days  unless  the  traumatic  reaction 
persists.  When  the  fracture  is  of  the  neck  passive  motion  should 
be  delayed  until  union  is  firm  enough  to  withstand  manipulation. 
Prognosis. — The  outlook  depends  on  the  nature  of  the  fracture 
and  the  treatment  followed.  In  extensive  comminution  of  the 
head  there  is  likely  to  he  pronounced  loss  of  supination  and  pro- 
nation of  the  forearm  although  the  rotary  action  of  the  forearm 
is  usually  restored  with  operation  and  excision.  Perfect  function 
should  follow  fracture  of  the  neck  if  the  fragments  unite  in  ap- 
proximation: if  there  is  deformity  following  recovery  the  rotary 
action  of  the  forearm  may  be  seriously  impaired. 


(  IIAPTHH  XVI. 

FRACTURES  OF  THK  HADIAIj  AND  ULNAR  SHAFTS. 

Surgical  Anatomy.— Tln^  sliafts  of  tho  Unw^  nf  the  fmennu  may 
he  liniken  toL'ethiT,  nr  *'Hher  bone  may  be  broken  separfltel^.  U 
is  more  eommoii  to  see  both  Ijojies  liroken  than  to  txud  a  fraeture 
of  either  Fioiie  as  an  isoUiti'd  injury.  Fracture  of  the  radius  alone 
is  often  the  n-Hult  of  indireet  vioh^nee;  the  lower  end  of  tin*  radius 


Fijf.   20H.- — S^Ttion    tif    riuliits   hHowjui:    tli*ji 


Fig.   2lJ9. — St'Cliqii    of    ulnn    *<h«wiiiiLf    diKiJUNitiuik    nf    n*n\mrt    utul    DinrelUmts    tis&ue. 
O.p  Oledrmion  ;   C,  ComimitL 

supports  the  earpus  atjd  vioh-nee  sustained  by  the  hand  is  trans- 
mitted to  this  l>one  rathi  r  thtui  the  ulna.  Fraeture  of  the  shaft 
of  the  ulna  is  usually  the  residt  of  direct  violen(»e:  the  posterior 
border  m  suV>eutaneons  tln'onirliotit  and  is  partieidarly  exposed  to 
injuiy  in  falls  oo  the  V>aek  of  the  forearm  and  in  warding  blows 
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from  the  head.  When  bo1li  bones  are  broken  the  f'aiise  may  bd 
either  direct  or  indirect  violence.  Fraeture  of  the  bones  of  the 
forearm  is  a  particularly  common  accident  in  ohiblhood.  When 
the  shaft  of  either  bone  is  broken  akjnc  the  defonnity  is,  as  a  rule, 
not  pronounced  since  the  opposite  shaft  aets  as  a  splint  in  prevent- 
ing displacement. 

The  various  defoniiities  acconipanyinir  fractures  of  the  radial 
and  ulnar  shafts  depeiul  on  the  nature  and  direction  of  the  causa- 
tive trauma  and  the  difft^rent  uiuselcs  attaelied  to  the  bones.  In 
speaking  of  the  deformities  due  to  muscular  action  in  different 
regions  of  the  forearm  it  wil!  he  undei'stood  that  the^^  obtain  only 
when  the  serrated  fractured  surfaces  are  not  so  enga<?ed  as  to  pre- 
vent displacement.  Fracture  of  the  radial  shaft,  below  the  tuber- 
osity and  above  the  insertion  of  I  be  pronator  radii  tores,  is  likely 
to  be  accompanied  by  supination  of  the  upper  frap^ment  and  pro- 
nation of  the  lower.  The  biceps  and  supinator  brevis  produce 
supination  of  the  upper  fratfment,  and  the  first  named  muscle  will 
also  tend  to  displace  the  lower  end  forward.  The  lower  fragment 
will  occupy  a  position  of  pronation  due  to  the  action  of  the  pro- 
nator radii  teres  and  the  pronator  ipuidratus,  and  the  upper  end 
of  the  lower  fraLnncnt  wid  usuaUy  lie  displaced  toward  the  ulnar 
ahaft  through  the  action  of  these  two  uuiscles.  When  the  fracture 
is  below  the  insertion  of  the  pronator  radii  teres  lK>th  fractured 
ends  will  he  disidacml  toward  the  radius  hy  the  pull  nf  these  two 
pronatDni.  In  fractures  of  the  shaft  of  the  ulna  the  upper  end 
of  the  lower  frapment  may  be  displacetl  toward  the  radius  by  the 
action  of  the  pronator  rpiadratus:  the  nearer  tlie  fracture  is  situ- 
ated to  the  npper  border  of  this  rnusele  tlie  tnore  pronounced  the 
action. 

The  relation  of  the  bones  dnrin^:  supination  and  pronation  is  of 
importance  in  treating?  fractures  of  the  forearm.  Tn  supination 
tVic  interosseous  mcndjrane  is  taut  and  the  two  hones  in  the  same 
plane  As  the  forearm  is  carried  into  pronation  the  lower  end  of 
the  radius  describes  an  are  about  the*  lower  end  of  tbi^  ulna,  and 
when  pronation  is  coujphtt*  the  radizd  shaft  erosses  the  sluift  of 
the  ulna  ohhVjucly.  In  eomplete  pronation  the  shafts  of  the  two 
bones  are  nearer  than  in  any  other  position.  The  oblkpiity  of  the 
fibres  of  the  interosseous  ineud>rane  is  such  that  with  upward 
lontritudinal  stress  on  the  radius  a  portion  of  the  strain  is  imparted 
to  the  ulna.     The  oblique  ligament  is  composed  of  fibres  passing 
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in  th*^  oppositi^  diivction  and  tends  to  prevent  the  radius  heinCf 
pulled  away  from  the  liuiiieriLS.  Tlie  sliafts  of  both  bones  are 
composed  of  heavy  tubes  of  compact  tissue,  and  the  fractures  seen 
in  this  region  are  those  comnion  to  the  shafts  of  other  lonpr  bones. 
They  may  be  transverse,  oblique,  *%piral,  eamininuted,  multiple, 
|:^reen -stick,  subperiosteal,  etc,  Diverfreiice  of  either  the  upper  or 
lower  pair  of  fraiijments  occurs  only  with  rupture  of  the  inter- 
osseous membrane  and  is  rare.  In  unusual  cases  the  ends  of  all 
four  fragments  may  be  close  together  and  ernbraeed  by  one  callus. 
Ill  other  instances  angular  deformity  of  the  fragments  of  one  bone 
toward  the  opposite  shaft  may  be  accoiiiimnieLl  by  a  lar^e  callus 
which  interferes  with  the  rotarj^  action  of  the  forearm.  When 
both  bones  arc  frat'tiired  the  break  in  tlu-  ulna  is  nsnally  at  a  slightly 


Fijj,    270 — Frsclure  of  both  bnni»8  af  Ihf  fiH*  iiriii  |lu    k^suli  .«i  .   rut*.       Hiind 

diNplraopcl  durhally  and  i<.liglill)  l«  lh«  radial  t>iil>  Fruturi'  of  uinii  it  jm^^L-rse  and  de- 
kiriiiily  iiiirely  nng^iiUr,  Friiclwre  of  riiditiK  i--  hiiirhily  oblique  no  that  there  is  uu  ele 
rucnt  of  oviprridinj?  an  w«A\  as  nnjculariiy  id  lU.  iii>]ilnrfkineiii  of  this  bone.  The  sUt^ht 
overndingr  of  tlie  radisil  fraginv'nts  entires  Hi«  hniul  to  l»p  dt«plBi-«d  n  lilt)e  lo  Ih*?  rndiaj 
Bide  &H  wt»ll  a»  backward.  Arrow  poinu  to  wound  prodtjci^d  by  lower  pnd  of  tipper 
fragment,  of  radius  pem-l rating  t^*?'  akin.  An(?oUr  tl^'foruitty  corri?cted  at  once.  Ftudiuf 
could  not  hv  perfectly  rcducc-^d  and  perhisled  in  (^lipping  out  o(  place.  Operntion  about 
onp  we*>k  foltiiwinjij  injury ;  rndiuH  Hf*cur»*d  in  r*'duelion  by  circulnr  wire,  wbicb  ia  bnd 
pratiice  in  compound  raser*  twfore  tbe  wound  hai*  healed.  (See  "Opcrfitite  Treatment 
of  Compound    Fractures   and    liUJtatioiis,")      Ultimate   recovery   perfect. 


higher  level.  In  rare  instances  the  fractures  may  be  mtuated  at 
opposite  ends  of  the  shafts,  ^lusmlar  action  is  known  to  have  pro- 
duced fracture  of  the  hones  of  tbe  foivnrnL  but  is  extremely  rare. 
Symptoms. — The  syniptonis  uccoitii>anyiiiLr  fractures  of  the  bones 
of  the  forearm  vary  with  the  rc«5ion  of  the  fractures,  the  age  of 
tile  f)atieiit,  and  whether  or  not  both  bones  are  broken.  In  frae- 
tures  of  ihi  nuUitl  shrift  the  tleforinity  is  usually  not  pronounced 
and  may  be  quite  ttitHeult  to  rvcoy:nize.  If  one  or  both  fragments 
are  displaced  tow^ard  the  ulna  the  radial  side  of  the  forearm  may 
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-    nhiftftHii^    dortftl    iturfaee   af    foreana.      Noie 

Thift  etfHivc  tuAii'Mif^  to  some  eitfeTit  Ih*? 

I'bolo^raphfii   wfto   titkcii   immfdiatpl}    follow 


fi.  r   rrtduclioii  hm* 


Fi|r,  27'i- — Latr*r>il  vi*«w  of  unmi*  rtiRr  nhnwhic  flcfonnity  In  radln!  frarture.  The 
frxriitre  in  th?  mdiiiii  is  ftli^UiIy  obliijue  Arttl  pi>n<>i^r»s  in  siUppinir  out  of  position  nftcr 
ri»rfurtion.  On  thU  m-eouni  opemtion  wm  pt-rfornnpd  and  reduction  *erured  by  «  cir- 
cmUj"  wire. 
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FijT,  274, — Anterfrjioalerlor  rii»w  of  sitinf^  I'Aw  «omt*  week«  after  opertituin.  Circu- 
Inr  wirp  wjis.  usi-^l  und  inrtH'tian  f<>llrjwrfl.  *J'hf  vump  M-tin  rornptMinrl  from  tb«»  first.  Th« 
plAcniiir  of  fnr(*ig^ii  mntiTJalK,  i'*pi»i:*inlly  of  the  riMn-(ib»-nrljii!>le  lypis  is  lo  he  condeninedl  in 
apfrNtitij;  on  ootniwuni)  frMrtur**!*,  Some  tthi+orption  of  lH»iie  h»s  tiiken  i>l«ce  und^r  the 
wiri*^  *nd  »*  a  result  sli(c1it  r«Tiirri'tir*  nf  d'-formitv.  Wire  r«»inDv«Ml-^p<»rffct  rpcovery 
fnllnwrd. 


Fiic,   275, — Lotfrnl  VU'W  uf  Miiiue  ciijh\ 


Viig,.  '27fi, — Fnu'iurp   tif   both    bim-  irm    wiih    tlif    usuftl    haclrwiiTd    dis 

pliicement   of  tho  hitnd.      Photojrraph   nlj^iut    nrir   31  nd   »   hnlf  hours   folluwing^  the  accidenl. 
Anfiilftr  deformity   pronoiincpd  biil   ihere  ib   iia  overriding  of   th«?  frDgments. 
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BOW  an  abnormal  r'on cavity  as  illustrated  in  Fi^.  2>^7.  Tn  any 
case  there  will  he  pain  in  tlie  region  of  the  fraetiire,  teiidcrDess  on 
p^ressure  and  manipulation,  swelling  and  more  or  less  complete  loss 
of  fuuetion.  If  the  fnieture  is  in  tlip  lower  thin!  of  the  radins 
and    the    upper    end    of    the    lower    fratrinent    displaced    toward 


Fit .  277, 


Fir   278. 

F'tB*,  277  and  278. — Fruclure  of  both  tioneK  cif  iti**  fnr«iiirm  wi(h  \hv  nnnml  detorm- 
ity.  FftteturMJ  tt  sbotit  Ksine  l«»v«l.  Pi<*tur*-*  t«ken  ft  few  tnintitm  follo-winji  the  hcc'i 
dent, 

the  ulna,  the  radial  styloid  will  ho  r-orrespondiuKdy  raised  and  the 
lower  articular  surface  ehanjzed  in  position.  Overridinor  of  the 
fragments  and  shorti'ninji:t  howrvrr,  will  \\v  ahsrni  niilcss  the  head 
of  the  ulna  is  luxated  or  the  ulnar  shaft  fractured.  Duriui;  supi- 
nation and  pronation  of  the  forearm  the  radial  head  will,  in  most 
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eases,  fai!  to  follow  the  rotation  of  the  shaft.  Cn^pitus  ean,  a-s  a 
rule,  he  i?licited  if  the  frag:nients  are  grasped  above  and  below  the 
seat  of  tbi^  fractiirp  and  inaiiipulatf^d.  If  the  foref»rni  be  plaoeJ  in 
supination  and  firmly  held  in  this  position,  while  hit<-ral  pressun' 
in  exertrd  on  the  shafts  of  the  radium  and  tilna  bv  the  thiuiib  ami 


rriiitin«>ni  wh 


-'ft'tft   of   [Morality.  indlcjites   tlie    d* 

l\n<\.      Arnsw  'J    in  ill  ('life*  iHf  course   Ui 

Arrow   3   tmction   ni»d«  on   Ihe  \ower 


flf.  V80.— ^howt  vpnlTAl  view  u!  ^jiuic  c;x&t.\  W^ntrjU  prominence  U  evidvnt  but 
U  will  ho  nci(«d  thut  ihtrt  is  no  dispi«eemeat  of  tlie  kftnd  to  either  radial  or  nTnar 
wldtMi. 


forulinger  of  tlu*  opposite  hand,  the  nonnal  lateral  spring  of  the 
radial  shaft  will  be  found  wanting.  In  children  the  fracture  may 
be  of  tlie  irret'H-stiek  or  subperiosteal  type  and  aeeordin^ly  crepi- 
tus and  mobility  will  be  alisent.  The  shaft,  however,  usually  shows 
more  or  less  bowing  in  a  given  direction  and  the  region  of  fracture 
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will  bo  swollen,  teiid+r  nml  iniiiit'ul  J>nli'nil  jirrssurt^  on  the  radiol 
shaft  will  usiiall.v  shuw  tliat  thr  jioniuil  hitrnil  s[>riii}4  of  the  shaft  is 
increased  and  will  proclueo  pain  at  the  seat  of  fracture  ratlier  than 
at  the  point  of  pressure. 

Fracture  of  ike   ulnur  shaft  alone  is  productive  of  symptoma 
similar  to  isolated   fracture  of  the    radial   shaft  except  that  the 


1 


Fig,  1*«1. 


Fig.   2^2 


l^lfi.   2»1    snd  282.-^1  iorciro I  mni  iintero  postenor  view*  of  case  Ahuwn  tn   Vi^k  277, 
m^,  279  ftod  280,  «ll«r  redu£tiuii. 

swelliDj^.  pain,  tenderness,  etc,,  are  situated  oti  flie  in  tier  side  of 
the  forearTn  rather  than  on  the  radial  side.  Displneeiuent  is  rarely 
proiiouneed  as  lon^  as  the  radius  rraiains  intaet.  The  posteiinr 
border  of  the  ulnar  shaft  is  subeutaneous  throughout  and  utdess 
the  swelHnj?  is  extreme  it  will  he  passible  to  detennine  i\\r  [lositiou 
of  the  fracture  by  palt>ation.  Tlic  lower  frngiuent  is  often  disphieed 
toward  the  radius.  Shorten inp:  does  not  take  place  because  the 
radius  aets  hh  a  splint  aud  maintains  the  length  of  the  forearm. 
Use  of  the  foreanu  is  (lainful  siml  lateral  pressure  on  the  shaft 
excites  pain  at  the  seat  of  frat-hire  and  wot  h1  the  point  of  jiressure. 
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Figi.  283  and  2iii, — Hnmv  i^ase  lis  bIiuwr  in  FijiJh.  "-'78  and  279  nfter  reilttction  has 
heen  ufCumiflihlitHl  nnd  Hpliii(i«  wpiilied.  Tt  will  bf  noted  th».i  ihii  piihreriur  i^plint  iun> 
It**  rfmovi?d  f(ir  exnml»iiti(jin  of  the  fureariii  without  diMiirbmg  the  fixntion  of  thi*  fore- 
urm  which  vk  still  firml>  bound  to  ftiil<?riur  *pUnL  Yucca  board  has  bt-en  used  in  mak 
inij;  lUfsv  nptints  and  ijervf»j  the  TJnrxJo»e  nilmiraibly  but  ahould  not  !>«  us«>d  unleftK  utie  i« 
expprii'uted  in  I  hi'  trt'Eifment  of  lh<?*ie  vn^va  iind  Ih*'  forf&rm  ift  closjitly  watched  for 
ej.  mptomK  "f   Htnitiffuliiliith.      (Sir   text.) 


Kijf.   2«6. 
F!^-H     -•«  J    (Hid   *2ftti. — Satui*  raae  at   thr  time   the  ipliota  wwe  r»iiiov«<L 
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288. 


Fifi.  2S7  ftnd  288, — ^SUghfly  ohliqut-  friirtui'i'  ol  rudins  abtni[  Ihree  tneheii  above 
ft.  Lower  lriigm«»iit  di^platcnl  tuwariil  ikUia,  NoU'  the  itureaRod  curve  in  the  raidiiil 
((lili*  iif  foretrtn  unci  the  »liiy;ht  divplureniHiit  nf  the  hand  ut-  Oie  rudial  side.  iCotDpurc 
ftilh  ¥'iim,  200  »nd  '291.)  iU'diution  diffirult  an  lawi-r  friii;Tii*>m  per^iKtpd  in  Nlippnt^ 
out  of  pluee,  Operiitjon  iM'rfuniit'tl  nfter  two  alltMupti^  tit  rediictiiui,  FrugiiiicntH  wired, 
v^mty   p^rferi.      (See   X  rriv>.  slukwn  in    PiiTK    'Jfrj   (ij  297  > 


Fijp    JIH 


t    2V0,^ — l*wo   views   «f    the   t»ppf>*ite    oiin    tuken    for    rtiHipuri^iiHi..      Notu 
'*ii   lliv   mdinl   «urfHCii  of   the   f^irettrm   aA   raw  pared    with   fhat   atea   Jo 
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L -,       _    .    ml   jLii*,— AtUtTi*  poHlcrior   uiid    Intcrnl    riru*.    nf    fi'ftrturp    nf   rodiut   with 
rectirrciiie  ui  dtiormtty  iiftrr  r.'iJurtioii.      Siii«<?  «*M*e  uh  ibown  In   b*\gik.  2S7  Mid  S88. 


rigs.   293   cthd  294, — Stiows  »Atne    cnse   idlpr 
dfforuiity. 


ii  »eroTid  redurtiun  and  recurrence  of 
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%vy  uponeurosis  attached  to  the  posterior  l)order  tends  to 
lateral  displaeement. 


Pics.   21^5  tind  296. — Smme  casi*  mUi>T  op**rntinn  Mtinwinir  rorrtfrtioii  af  dtstorauty  %tid 
"^i  In^nipnla  in  position  hy  mr^iinii  of  i»  loop  of  silver  vrlre. 


117. — l-Vufturt-  nf   Imih    lumi"*   "f   U»t'    rijfht  forpttcm    iu    «    ehiM   iwo   ond   a   liilf 
t4(e.     The  df^formity   m  tdifi.  cn*n  »a  unufiuul   in  ihiiL  th«   foreartu   is  btiwfd  bitck- 
FhcHoffTiijth  tiikru  t>eforc  reduriiou  and  about  one  hour  foUowin;  wrcidcnt, 

^hiu  both  bones  are  broken  the  deformity  is  usually  proiiouiicrd 
may  he  of  either  the  overrkliiig  or  angular  tyf)e.     The  bones 
forearm  may  be  displaced  in  any  direetiou  hut  the  eonuiiou 
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Lleformity  cousists  in  a  barkward  bending  of  the  forearm; — tlie  i 
dorsal   surfarp  of   the   Porrann   fonns  an   obtuse   angb*   while  the 
ventral  surfaee  forniH  tlir  sidi<'?it  Jin'-rb-.     A  m\u*]\  \esH  romiiiou  db-( 


riif.  2\t»i. 


Knf«.  2'.>H  uDi]  2U\i ^ — Frttrlur«>  of  IhiiIi  Wn«^4i  *il  i\w  fornttrm  m***!!  fr«iti  riidml  »«4  I 
ulniir  Hidi**.  Tlw  trBrliiTm  j»r«»  *n  low  tli^t  thr«  ronrUtinii  |m  UkHy  »o  lie  curifi>unde4  with  j 
Colics'  (rHrturiv  It  will  be  liuttHl.  bowi^vtT,  lltat  ihv  iilimr  dt^funoUy  l!«<itin»  »l  ■  1 
higher  li'vi'l  hi  iIiim  fjtM^  thun  it  <ltn'ii  in  rolli-*'  fnirtun^  Th**  Invrl  of  th«»  vilriivr  friirtur«^ 
in  not  u*  rt|Jt>Ar*^nt  hy  in«|*<*riioji  ..n  ti  in  wtn-n  ttitlpjiii»ji  ')'ii<-  lnw.^r  nfn-ti  rirjii/ia* m  lu^ 
t>u  full  (lh|iUcrd  bncikwftrd. 


Fig.  ;*00.— Fri»ehir«  af  both  Uunf!*  t>f  iIh«  ^ir^'iirm  m^iir  rlw*  wri»<t  Contlitian  f  lowly  J 
n!i«4*mbli<fc  Oollfkii'  IrncUirn,  lusufttuyu  nnij  filpniiHi)  of  Uu'  ulrutr  Nkdc^  of  iht*  vi^riftt  di#*| 
etoiiea  tlio  UrijAk  in   llvf  (ihm  Hnd   [Uv  hm-kwHrd  di«jil iomiI  or  lYu'  low<*r  fniifnivnt, 

plaeeiuent  is  that  sliowii  in  F\^,  297  in  whirb  the  forearm  in  bent 
forwiird  instead  of  backward.  Forward  or  backward  dLsiilaeement 
jriay  take  jihit-e  and  be  pronounced  witliont  any  element  of  over- 
rid  im,^  ill  cither  bone.     When  however  the  hand  and  lower  part 
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Uie  vrrwl 


ri^.   301   mid   302. — FTM'tiir**  nf  liuth   hoiK»s  of  \ht^   rnn<iirtii   A  *hort   diMiince   *thfi%tf 
prrwl  wtlli   v<*nf  slijflif  i|i-fomiit>.      Xt*t«-   ih»<  tlisfht  iMtrkwrMrtl  boiidinir  *»f  <•>''  frtr«*iiriii- 


Flf,  909. — ^Upp«r   arrow    imint»   tu   frri!«   nulinl   «t)rloid    (uminiJiiouft),     Lowar   »rrow 
p>QiiiU  to  f^Mtara  of  the  ab&ft  of  ihc  rsdiUJi. 
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of  the  forearm  are  dispb^^^  ^o  either  the  radial  or  ulnar  side,  the 
bone  ou  the  concave  side  oi  the  forearm  will  iisually  show  over* 
riding  defonxiif%\  If  the  dasplaeement  is  a  eomhination  of  antero- 
posterior aad  lllififtl  (for  exainple,  if  the  hand  is  displaced 
badrwanl  sad  ibt  In  the  rudial  side)  it  will  be  cUie  either  to  over- 
ridiM  ifrf  Migiilir  dhrfttrmity  of  the  shaft  on  the  coneave  side  of 


r*ii.  -'^^t 


FJK.  ;'":•- 


¥^ 


iitV 


Ur*'**!!  *»tick    fmrluri^   nf    tIu'    uhm    in    tk    child.      Thii    <Y3iidituiit 
\»'il    <f    llu»    Xruy    hiid    not    iM^i^n    eniployrd.      Ljtterfti    campr^'ssiriii 
^,^1    i„  I     ^'>4v\vr,     ttlniwrtl    Mnirr    *'siprinir"     llutn     rurmal    iti    the    ulnar    shafi. 

Tk|i>Vk    ^^i     **^^^   *      V'^*iu|mrUtMi    with    )1m«    oppo^ilo    uinn    ri-nderH    rppogaitian    of    lHt>    eundi 


tlu'  iMM'Hrm,  or  else  tfir  fnirlnres  nrr  at  different  levels  and  the 
(iMi'tMUi  l'old»»  haek  diau't^nally.  Thi'  nature  of  tht»  defonuity  anil 
{\\v  viea^e  on  Mie  dorsal  siirraee  of  tlie  forearm  will  usually  iridi- 
\Kii\v  \Uv  relative  U>ve|«  of  the  two  fraetures.  This  creast^  represeuts 
JhM  Mj*»*^  **'  ^^**'  anirle  of  tliKplaeeinent  and  when  thr  fractores  are 
kI  thi'  iiMue  leVi^l  H*e  ereaae  will  run  transversely  aeross  the  baek 
tit  Uu«   fini'arm      Wlien  the   fractures  are  at  ditferent  levels  the 
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crease  will  be  more  or  less  obliquely  placed.  It  is  well  shown  in 
Figs.  271  and  277.  In  some  instances  the  fragments  of  both  bones 
vrill  show  only  overriding  deformity  with  thickening  of  the  fore- 
arm where  the  fragments  overlap.  This  thickening  is  often  diffi- 
cult to  distinguish  from  the  usual  swelling  at  the  site  of  fracture, 
l)iit  the  accompanying  shortening  of  the  forearm  and  the  resultant 
flail-like  condition  will  disclose  the  nature  of  the  injury.  An  ex- 
cellent example  of  this  condition  is  shown  in  Figs.  313  and.  314. 
The  loss  of  function  is  complete  when  both  bones  are  broken  and 
the  attitude  in  which  the  patient  supports  the  entire  length  of  tlie 
forearm  with  the  opposite  member  is  characteristic. 

In  ''green-stick'-  fractures  of  the  forearm  there  is  more  or  less 
bowing  of  the  shafts  of  both  bones,  as  a  rule,  either  forward  or 
backward.  The  deformity  is  seldom  as  distinctly  angular  as  seen 
in  adults  but  presents  more  of  a  curved  effect.  The  condition  is 
not  flail-like  and  mobility  is  absent.  The  lateral  spring  of  both 
bones,  however,  is  usually  increased.  This  increase  in  spring  is 
particularly  noticeable  if  pressure  is  made  on  the  concave  side  of 
the  deformity.  The  symptoms  in  children  are  occasionally  quite 
mild,  producing  little  more  in  the  way  of  disability  than  would 
result  from  a  bad  sprain  or  bruising  of  the  forearm.  This  fact 
calls  attention  to  the  necessity  of  a  careful  examination  and  the 
use  of  the  X-ray  in  doubtful  cases  following  injury  of  the  forearm 
in  a  child. 

Diagnosis. — In  making  a  diagnosis  of  fracture  of  the  forearm  the 
parts  should  be  carefully  and  systematically  examined.  There  is 
much  which  can  be  learned  by  inspection  alone  since  the  majority 
of  fractures  in  this  region  are  accompanied  by  characteristic  de- 
formities, as  shown  in  the  accompanying  illustrations.  The  more 
the  surgeon  can  gather  by  inspection  the  less  there  will  remain 
to  be  determined  by  palpation  and  the  shorter  will  be  manipulation 
which  only  increases  the  damage  to  the  already  traumatized  soft 
tissues.  The  deformities  shown  in  the  accompanying  illustrations 
are  not  exceptional  but  represent  the  average  run  of  cases,  and  a 
study  of  these  photographs  should  be  of  service  to  the  student  iti 
enabling  him  to  recognize  these  conditions  with  the  least  possible 
disturbance  of  the  parts.  It  is  always  advisable  to  have  a  Ront- 
genogram  taken  of  the  case  to  determine  the  accuracy  of  reduction, 
if  not  for  the  purposes  of  establishing  a  diagnosis.  Theoretically 
an  X-ray  examination  is  of  great  value  before  reduction  is  at- 
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tempted,  but  praetieally  the  time  necessary  to  secure  such  an 
examination  often  rentiers  it  iMexf>edient.  The  longer  the  deform- 
ity exists  the  greater  the  sntTerinjr  nml  the  more  pronounced  the 
secondary  tranmatie  reaction.  It  is  therefore  ineiimbi»nt  on  the 
suri^^eon  to  etfeet  reduelioji  at  the  earliest  possible  nioment  and  to 
learn  all   tlial    is  possil>ie  by   inspection  and  palpation  before  the 


Fig,    30H. — Tf^slini;    I  (if    spring    in    Ibc    bones    of    (be    forpurm    by    uiPMuii    of    iMrr^t 

frajrments  are  brought  baek  into  alignment.  When  one  Is  aeeiis- 
tometl  to  interj)retinji  these  deformities  a  sueeessful  rednetion  will 
often  be  possible  liefore  the  X-ray  is  made,  wliile,  on  the  other 
hand,  if  these  physical  signs  are  negleeted  a  secondary  manipula- 
tion will  nsually  be  needed  after  the  X-ray  returns  are  available. 
Treatment. — Redurfion  of  isohitfd  fraehins  of  ihf  radius  may 
Im^  easy  or  difficult  accordiiiir  to  the  nature  of  Ihe  break  and  the 
displaeement  present.  When  the  fracture  is  hiuh,  the  anterior  dis- 
placing aetion  of  the  bieeps  may  require  ininiobilization  in  a  posi- 
tion just  short  of  acute  flexion.  (See  Fig,  210  and  page  145  under 
Treatment  of  *^Fraetnres  of  the  Lower  End  of  the  ITnmerus/') 
If  the  fracture  is  between  the  insertions  of  the  bieeps  and  pronator 
radii  teres  the  condition  is  usually  best  treated  with  the  forearm 
in  a  position  of  semiflexion  and  complete  supination.  {See 
'* Anatomy'^  on  page  205.)  This  [daces  tiir  lower  fragment  in  a 
position  of  suj)ination  to  correspond  to  the  upper  fragment  which 
has  been  su[>inated  by  the  biceps  and  stifdnator  brevis.  If  the 
fracture  in  the  radius  is  low,  the  upper  end  of  the  lower  fragment 
may  be  displaced  toward  the  ulna;  strong  traction  on  the  wrist 
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with  adduction  of.  the  hand  may  W  oeees^yry  to  briii^  tho  lowtn* 
fragnieDt  back  into  Bli^nment,  If  reduction  cannot  be  eftected 
by  manipnlatJon  opiM-ation  is  indicated.  When  the  fraeture  is 
high  the  elbow  should  be  innnobilized,  and  when  m-ar  the  wrist  it 
may  be  necessary  to  include  tlie  hand  in  the  splint.  Tlir  splints 
to  be  used  and  the  precautions  to  be  ohservcd  in  api>lyin^  tlieui 
are  the  same  as  will  be  described  shortly  in  the  treatment  oi"  frac- 
tures of  the  sliafts  of  both  bones  of  the  foreariiL  In  instHnces  in 
which  the  serrations  are  eoarse  there  may  bt*  difficulty  in  securing 
a  satisfactory  eni^a^ement.  Under  these  conditions  reduction  may 
sometimes  be  facility tcfl  by  temporarily  increasing  th(*  afjjb^ubir  de- 
formity while  attemptiuj^  to  engage  the  fractured  ends.  With  the 
ends  thus  engaged  thi^  auLruIar  deformity  is  easily  corrected  since 
the  ulna  maijitains  tiic  h^tit:th  of  the  forearm. 

The  reduction  of  isolatcfl  fractures  of  ffu  uittar  shaft  is  ac- 
complished in  a  manner  similar  to  that  employed  in  fractures  of 
the  ratlial  shaft.  Iveductiou  is  usually  not  attended  by  much 
difficulty  as  long  as  overriding  of  the  fraguieuts  is  prevented 
by  an  intact  radius.  Traction  on  the  hand  can  aceouiplish  noth- 
ing. Displacement  of  the  lower  fragmeut  toward  the  radius  is 
common  and  is  to  be  corrected  by  tiigital  pressure  between  the 
bones.  It  is  often  jtossibic  lo  sr'cnre  an  engagenjent  of  the  ser- 
rated  ends  so  that  this  deformity  will  not  ret'ur.  When  the  con- 
dition  is  compound  it  should  be  treated  according  to  the  principles 
laid  down  under  the  heading  of  '*The  Tn-at merit  of  ('oin|ioinul 
Fractures  and  Luxations,"  on  page  78fl. 

Unfortunately  fracture  of  the  shafts  of  both  bonrs  of  thn  fore- 
arm  is  much  more  common  than  frneture  of  either  Injiic  seiuirately 
and  the  condition  is  more  difficult  to  treat,  not  only  because  there 
are  two  bones  to  be  reduced  but  because  neither  bone  enjoys  the 
supporting  effect  of  the  other.  It  is  only  liy  appreciating  the  dif- 
ferent types  of  deformity  and  what  they  indicate  that  one  is 
qualified  to  return  the  fragments  to  their  proper  positions  with 
the  greatest  accuracy  and  dispatch.  When  the  deformity  is  i«urely 
angular  and  the  fractun?s  approximately  transverse  there  will 
!<i*ldom  be  any  difficulty  in  effecting  reductiou.  Wlirn  however 
there  is  overriding  of  one  or  both  pairs  of  fragments  rorrection 
of  the  displacement  is  Truicli  more  difiicnlt.  The  over  rid  irtg  de 
fonnity  should  be  reduced  before  the  angular  displacement  is 
corrected.     One  is  thus  enabled  to  secure  an  engagement  of  the 
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serrated  ends  before  the  fragments  are  brought  back  into  alignment. 
It  should  be  remembered  during  all  manipulations  that  the  sharp 
serrated  ends  of  the  fragments  may  be  made  to  do  serious  injury 
to  the  soft  tissues.  When  it  is  found  neeessary  to  make  lateral 
pressure  on  a  fragment  the  force  should  be  applied  a  little  above 
or  below  the  seat  of  fracture,  as  the  case  may  be,  and  not  directly 
on  the  displaced  end.  Fracture  of  the  radius  between  the  inser- 
tions of  the  biceps  and  pronator  radii  teres,  calls  for  immobiliza- 
tion of  the  forearm  in  the  supinated  position,  the  same  as  already 
mentioned  in  the  treatment  of  isolated  fractures  of  the  radial 
shaft.  When  the  fragments  of  only  one  shaft  are  found  to  be 
overriding  (more  often  the  radius)  our  attention  may  be  confined 
almost  entirely  to  correcting  the  deformity  of  this  one  bone.  The 
lateral  displacement  is  first  reduced  and  then  the  angular  de- 
formity; the  opposite  bone  will  follow  provided  it  shows  only 
angular  displacement.  When  reduction  is  difficult  or  the  patient 
nervous  and  hard  to  control  it  may  be  advisable  to  accomplish  re- 
duction under  anesthesia.  It  is  well  to  remember  that  children 
are  not  as  safe  subjects  for  anesthesia  as  adults  and  reduction 
in  many  cases  entails  only  an  instant  of  pain  if  properly  per- 
formed. In  reducing  green-stick  fractures  in  children  it  may  be 
possible  to  simply  correct  the  bowing  and  straighten  the  bone  but 
more  often  it  will  he  found  necessary  to  complete  the  fracture  by 
bending  the  shaft  in  the  direction  of  the  bowing  and  then  treat- 
ing the  condition  as  a  complete  fracture. 

If  the  surgeon  has  reason  to  anticipate  any  special  difficulty  in 
eflfecting  reduction  it  may  l)e  well  to  prepare  for  operation  before 
giving  the  anesthetic,  and  then  if  it  is  found  that  reduction  can- 
not be  accomplislied  by  manipulation  he  is  ready  to  correct  the 
displacement  by  open  incision.  Thus  an  additional  anesthetic 
is  avoided,  time  is  saved  and  there  are  no  failures  to  be  explained. 

The  s[)lints  employed  in  immobilization  of  fractures  of  the 
forearm  are  tin*  same  whether  one  or  both  bones  are  broken.  Flat 
anterior  and  posterior  splints  will  be  found  to  meet  the  require- 
ments in  the  largest  number  of  cases.  They  should  be  a  little 
broader  than  the  widest  portion  of  the  forearm  and  well  padded 
before  beino:  api)lied.  Light  (juarler-inch  wood  will  answer  the 
purpose  well.  Pliable  wood  sucli  as  yucca  board  may  be  em- 
ployed but  should  be  used  with  the  greatest  caution  and  must  never 
be  bandaged  in  place  tightly  enough  to  force  it  to  conform  to  the 
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Pit.    a07,— Frait  1 


i.r    jh(*    for»*niMn    iirior    tn    re4iuction,      (Sue    Fiir»» 


Klf.    30fi, —  V<?nrrjil    splint   ui>|ili<'rl    f.illnwinu'    red ik linn    and    ln'ld    in    iMi.sitioii    h)    two 
tilra|»ti  of  adhesive— ..t .   riim!    /r 


ng.  SOW. — Fort'Sirrn  titrivi-d  s.t  thnt  (hentir  "rut-out"   may  he  seen. 


bJPIf.    810, —  Dnrnnl    splint    riii^^lit'd    nwl    Im'Ul    m    paHirion    hv    two    ndditionnl    *trnpN    of 
'      -C,  and  f). 


Tit.    311, —  HiiiulAeiiii)!:  to^itImk  'hl'Mi   MplinU.      Whrn  the  forenrni   ii  bruk^n  nbove  the 
niddltt    thJA   drf»«iiiiE   snould    tits   Nuppli'meii.ln:t    by    im    internal    ri^hl    Angle"    npUnl.      (S«« 
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contour  of  the  forearm,  as  otherwise  constriction  may  result.  The 
anterior  splint  should  extend  from  the  middle  of  the  palm  of  the 
hand  to  a  point  just  below  the  bend  of  the  elbow  when  the  fore- 
arm is  seiniHexod.  The  radial  side  of  the  lower  end  of  the  splint 
should  be  cut  away  to  clear  the  thenar  eminence  as  shown  in  Fij?. 
809.  The  cotton  padding  sliould  be  thicker  just  above  the  wrist 
and  opposite  the  palm  of  the  hand.  The  pasterior  splint  should 
extend  from  the  metacarpo-phalanpreal  knuckles  to  a  point  a  short 
distance  below  the  elbow.  The  forearm  must  not  be  bandaged 
before  the  splints  are  applied  as  the  circulation  may  thus  be  in- 
terfered w^ith.  One  splint  is  put  in  place  (usually  the  palmar) 
and  secured  with  two  strips  of  adhesive  as  shown  in  Fig.  308 
and  the  parts  examined  to  see  that  reduction  is  maintained.  The 
second  splint  is  then  applied  and  secured  with  strips  of  adhesive 


Fijr.  'M'2. — Show8  Kame  drfWRiriK  opened  up  for  inRpcction  durinff  the  after-treat- 
ment. Straps  (/.  and  I),  have  been  cut  and  dornal  splint  turned  back,  thus  allowing 
inspection  and  palpation  of  thn  forearm  while  it  is  still  secured  to  the  ventral  splint. 
(See  aJso   Vigs.   283   and  1»84.) 

which  encircle  both  si)lints.  The  splints  should  be  loasely  ban- 
daged, esj)ccially  when  the  dressing  is  first  applied.  Gangrene 
of  the  forearm  or  Volkmann's  contracture  may  follow  too  tight 
bandaging,  and  the  surgeon  cannot  always  depend  on  the  sensa- 
tions of  the  patient  to  give  warning  that  damage  is  being  done. 
Gangrene  is  known  to  have  occurn^d  without  attracting  the  pa- 
tient's attention.  Phlegmonous  inflammation  is  not  uncommon, 
and  pus  developing  within  the  tissues  may  cause  extensive  dam- 
age by  burrowing.  It  must  be  remembered  in  this  connection  that 
a  bandage  may  be  of  the  proper  snugness  at  the  time  of  applica- 
tion and  yet  a  few  hours  of  swelling  may  result  in  dangerous 
strangulation  of  the  forearm.  Any  form  of  splint  which  is  curved 
to  conform  to  the  surface  of  the  forearm,  or  a  rolled  bandage 
applied  to  the  forearm  before  flat  splints  are  put  in  place,  is  more 
likely  to  produce  strangulation  than  is  the  simple  flat  splint. 
Splints  making  pressure  between   the  bones  of  the   forearm   to 
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prevent  approximation  of  the  fragments  across  the  interosseous 
space  are  dangerous  and  should  never  be  used.  If  the  fracture  or 
fractures  are  in  the  upper  half  of  the  forearm  an  internal  or 
external  right  angle  splint  should  be  used  in  addition  to  the  flat 
splints  employed  in  immobilizing  the  forearm.  If  the  break  is 
near  the  elbow  it  will  be  impossible  to  secure  proper  fixation  with- 
out immobilizing  the  elbow.  The  thumb  and  fingers  should  be  left 
exposed  in  all  cases  so  that  the  condition  of  the  circulation  may  be 
known  without  removing  the  dressings. 

The  secondary  traumatic  reaction  is  often  pronounced  in  frac- 
tures of  the  forearm,  and  must  be  taken  into  consideration  in  the 
treatment  of  fractures  in  this  rei?ion.  If  the  trauma  to  the  soft 
tissues  is  great  it  may  be  best  to  defer  the  application  of  splints 
until  the  swelling  is  decreasing  and  under  control.  It  is  often 
possible  to  foretell  approximately  the  degree  of  swelling  which  will 
follow,  by  the  extent  of  bruising  of  the  tissues  of  the  forearm, 
and  when  the  surgeon  has  reason  to  anticipate  a  severe  reaction 
the  case  should  be  treated  for  the  first  few  days  along  the  follow- 
ing lines.  The  deformity  is  reduced  immediately  and  the  forearm 
loosely  bandaged  on  a  single  splint.  The  patient  is  then  put 
to  bed,  the  parts  kept  perfectly  quiet  and  the  ice  cap  applied 
at  intervals  to  the  region  of  fracture.  Sedatives  or  opiates  may 
be  necessary  if  the  pain  is  severe.  The  arm  should  be  examined 
every  few  hours  to  see  that  the  swelling  is  not  great  enough  to 
cause  constriction  of  the  forearm  within  the  bandages.  During 
this  time  an  X-ray  should  be  taken  to  determine  the  exact  nature 
of  the  fracture.  When  the  swelling  is  well  subsided  the  arm  may 
be  immobilized  with  splints  as  previously  described. 

Operative  Treatment. — The  open  method  is  indicated  in  recent 
cases  when  proper  reduction  cannot  be  had  by  manipulation  and 
in  compound  cases.  Simple  angular  deformity  can,  as  a  rule,  be 
corrected  by  manipulation  unless  some  of  the  soft  tissues  become 
interposed  between  the  fractured  surfaces.  Overriding  deformity 
of  one  or  both  bones  and  multiple  fracture  of  one  of  the  shafts 
are  the  conditions  most  often  rendering  operation  necessary. 
Fracture  of  the  radius  is  best  exposed  through  a  longitudinal  inci- 
sion on.  the  outer  aspect  of  the  forearm.  The  skin,  fasciae^  and 
aponeuroses  are  divided  with  the  scalpel  and  the  underlying  mus- 
cles separated  by  blunt  dissection.  When  the  fracture  is  low  in 
the  radial  shaft  care  should  be  taken  not  to  divide  the  tendons  of 
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the  extensor  muscles  of  tbc  thumb  which  pass  obliquely  across 
the  outer  aspect  of  the  lower  end  of  the  radius.  The  position 
of  the  radial  pulse  should  be  noted  before  making  the  incision  to 
avoid  in.jur>'  to  the  artery  when  anomalously  placed.  With  the 
fra^rments  exposed  reduction  is  accomplished  by  direct  manipula- 
tion and  tli(»  8t»rra1ions  fitted  accurately  tojrether.  Internal  fixa- 
tion will  usually  be  unnecessary  if  the  ulna  has  not  been  injured. 
Not  infn»(|U(Mitly  one  or  both  fra^me^nts  show  a  disposition  to  slip 
out  of  place  toward  the  ulna.  When  this  occurs  it  may  be  possible 
to  prevent  recurrence  of  deformity  by  a  single  loop  of  wire  holding 
the  fractun^l  surfac(»s  o]>posed  or  it  may  be  necessary  to  employ  a 
small,  lij;ht  Lane  ])latc. 

In  optratinff  on  the  ulnar  shaft  it  is  best  to  expo.se  the  frag- 
ments throuf^'h  a  lonjritudinal  incision  a  little  internal  to  the  pos- 
terior subcutaneous  border.  The  frajrments  are  reduceil  in  a  man- 
ner similar  to  that  just  d(»scribed  in  oj)erating  on  the  radial  shaft, 
and  internal  fixation  used  or  not,  according  to  the  needs  of  the 
case  in  hand. 

Whr7i  both  hones  arc  fractured  the  shafts  should  be  exposed 
throufjli  two  in<»isions  as  already  describcHl  in  operating  on  isolated 
fractures  of  (»ither  shaft.  It  is  a  mistake  to  attempt  to  expose 
l>oth  shafts  through  one  incision  since  the  injury  to  the  soft  tissues 
will  be  more  extensive.  Theoretically  this  would  not  seem  to  be 
the  cji.se,  ])ut  [)ractically  it  will  be  found  to  be  true.  Internal 
fixation  is  more  fn»(|uently  necessary  when  both  bones  are  frac- 
tured tluin  in  instances  of  isolated  fracture  of  either  the  radial  or 
ulnar  sluift. 

In  severe  coitipounil  cases  where  there  luis  been  considerable  loss 
of  bony  tissue  in  one  of  the  shafts  it  has  often  been  found  neces- 
s»ry  to  resect  a  portion  of  the  opposite  shaft  to  make  the  two  bones 
of  e(ju;il  lenjrtli.  This  procedure  has  in  many  instances  resulted  in 
useful  arms  which  would  otherwise  hav(»  b(»en  severely  crippled, 
but  before  it  is  eni[)loyed  in  any  given  case  we  should  consider 
the  j)Ossii)ility  of  an  autoplastic,  transplantation  of  a  portion  of  the 
shaft  of  the  pati(Mit's  fibula  or  a  section  of  the  tibial  crest  into  the 
shaft  of  the  d(»ficient  bone.  (See  **Hone  Transplantation"  on  page 
771.) 

Severe  compound  cases  should  be  treated  according  to  the  prin- 
ciples laid  down  un<ler  the  heading  of  **The  Treatment  of  Com- 
pound Fractures  and  Luxations''  on  page  789.     Severed  arteries 
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Fig.    :n;i  — VntcropuMeriitr    view    nf    fro<Miiri>    of    bnlh    y>onc-^ 
ocrrruhuf  d<«fonnil}'.      N()n  opiTutive  rt^duction  ioifJOKKtMo 


tf    I  hi'    fareflrm    with 
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should  be  ligated  and  nerves  sutured  in  cases  where  they  are  found 
divided. 

After-Treatment. — During  the  first  few  days  the  bandages  should 
be  very  loose  and  the  dressings  frequently  inspected  to  see  that 
there  is  no  strangulation  of  the  parts.  The  condition  of  the  cir- 
culation beneath  the  nails  may  be  easily  ascertained  and  compared 
with  the  opposite  side.  There  is  no  region  in  the  body  in  which 
strangulation  is  more  likely  to  take  place  than  in  the  forearm  and 
the  results  may  be  disastrous.  Volkmann's  contracture  is  a  pos- 
sibility which  must  be  kept  constantly  in  mind  during  the  after- 
treatment  of  fractures  of  the  forearm.  (See  *'Volkmann*s  Con- 
tracture/' page  231.)  The  skin  over  the  head  of  the  ulna  often 
calls  for  special  care  to  avoid  irritation.  (Jentle  massage  after  the 
subsidence  of  the  traumatic  swelling  is  of  great  value  in  keeping 
the  soft  tissues  in  gooil  condition  during  the  process  of  bone  heal- 
ing but  the  greatest  care  should  be  exercised  to  avoid  disturbing 
the  fragments.  Union  may  be  expected  in  children  in  three  weeks 
or  even  less,  hut  the  forearm  should  be  protected  by  retaining  the 
posterior  splint  for  another  ten  days.  The  forearm  should  be  sub- 
jected to  only  the  gentlest  use  for  two  or  three  weeks  following  the 
removal  of  all  splints.  Active  motion  in  all  directions  will  be 
weak  and  limited  on  removal  of  the  splints,  but  function  will 
return  rapidly  with  use  and  massage.  The  parts  should  be  in- 
spected at  least  daily  for  the  first  ten  days  to  properly  accommo- 
date tlie  dressings  to  the  varying  size  of  the  forearm;  after  ten 
days  the  dressings  should  be  removed  at  least  twice  a  week  to 
recognize  and  correct  deformity,  should  it  take  place.  If  flat 
si)lints  are  used,  as  shown  in  Figs.  283  and  312,  one  splint  may  be 
removed  without  disturbing  the  other,  and  we  are  thus  enabled  to 
ins[)ect  the  parts  without  entirely  removing  the  support  from  the 
broken  bones.  Plaster  splints  and  the  plaster  cast  have  been  suc- 
cessfully used  in  the  treatment  of  fractures  of  the  forearm  but  they 
are  dangerous  appliances  excei)t  in  the  hands  of  the  expert.  If 
plaster  of  Paris  had  never  been  employed  in  the  treatment  of 
fractures  of  the  forearm  Volkmann's  contracture  would  have  been 
nuich  less  common. 

If  the  fractures  are  at  or  above  the  middle  of  the  shafts  the 
internal  or  external  right  angle  splint  should  be  retained  through- 
out as  a  necessary  })art  of  the  dressing. 

I'iowing  may  result   from  using  the  forearm  too  soon  and  the 
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[patient  shouUl  be  wariiod  lo  avoid  undue  straiu  on  the  bones  for 
a  period  varyin^r  from  one  to  four  iiioiiths  followiii-Eir  fraetiire. 
When  there  is  douht  an  to  the  satisfaetory  ossifieatioii  of  the  eallus 
it  is  advisable  to  bas«?  our  aftertreattnent  on  X-ray  findinsrs.  In 
adults  four  to  five  weeks  will  be  neeessary  before  the  callus  is 
Istroug  enough  to  allow  permanent  removal  of  the  splints.  Old 
I  persons  produce  hone  slowly  hikI  should  be  allowed  15  to  20  per- 


I 
I 


Kijt.  317, — SHieht  l>owiti|C  d«?furiuity  f^ltowing  fraHur*'  of  both  honest  of  ttj«  fore- 
urn*  TIm»  di?foriuily  Uert'  i»  due  to  rtvwTidine  of  tlu*  rtLdinl  friiirin«»Dl«.  Note  the  baud 
whtch  U  dispUeed  ^lif^htlir  to  tluy  rndisl  s^ide  a»d  a  lililfi  b»ckw»rd,  Opi!»r&lioQ  WM 
fedvi««^  in  thU  caw.'  but  'r*'fn«**d.  Function  r<pi«tor<?d  bul  flight  deformity  perviiiU,  A 
deformity  »uch  &«  this  will  dimiiusli  with  y*'«irK  provided  lb©  piitii<tit  is  young.  Pieturtt 
talu}!!  nboul  faur   and   n    balf   wt^ekii   following   frDciure. 

cent  more  time  than  is  allowed  healthy  adults.  During  tlie  after- 
treatment  the  tintrers  should  he  uianifMilated  daily,  espeeially  in  old 
persons,  as  otherwise  adhesions  form  about  the  tem^ons  and  luiis- 
eles  and  betweeu  the  joint  surfaees,  whieh  may  [»rove  a  permanent 
source  of  rt^strJeled  motion, 

Progrnosis. — The  [trognusis  in  fraetures  of  the  bones  of  the  fore- 
arm varies  greatly  aeeording  to  the  coiidilions  present.  A4*eurate 
red  net  ion  of  the  fragments  in  a  healthy  child  or  ailult  should  be 
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folbvtd  Igr  fonptete  restomtion  of  fiuic^tioiK  Deformity  mny  pro^ 
ducif  tes  of  foiMtioit  The  rotary  a  Lotion  of  tlie  forearm  is  most 
frequently  tnterfem^l  witli,  the  most  eonunon  causes  being  an 
ontwinl  bovin^  of  the  shaft  of  the  radius  or  the  e^xteiision  of  the 
odllis  from  the  shaft  of  the  ulna  to  the  railins  when  the  fragments 
of  tkfse  two  bones  are  displaecnl  toward  eaeh  other.     L088  of  the 


Fis.  319   (lop). 


Fig.  330. 


rig.  ai8. 

WtgL,  SIW«  919  mmd  3:^. — Thrr^  views  of  a  cane  of  Votkmaim's  piiral^sis.  This  cue 
to  mM  •IMM^to  of  *  wwt  diMStroUK  condition  which  may  fulluw  too  tic'tit  ImndAfp&g  of 
tib#  NfWMm.  I*  l^i*  <^*U«  thrri!'  hnd  bi^^en  no  frttrlurv.  Tlic  p»rietiL  suiilatned  t  lacerated 
mmud  iaip^kvlfec  «b*  of  tt^'  *  Hi^   und   uu    EHtnun-h   tuuruitjuct  was  applied   and 

W|l  Ir  ^0«ltUMk  fnir  ov«r  ^  '  viltil«>  ihc<  peiticnl   wtis  licinir  l>rou|tit  to  the  city 

fit   «wtc4««l    ITMIMVUI       M^  nnUjiis    und    eontritcture    followed.      Case    ftnt    b««ii 

I9    iHtlMMT    iMM   3-««n   «ner    llir    (iijur^ 

iHiwor  iif  siUpiuHtion  may  follow  fracture  of  the  radial  shaft  be- 
t\vi*vu  the  in!«*rtioiis  of  the  hieeps  ami  pronator  radii  teres  if  not 
li^^Htoil  in  HUt*inntion  tis  invviously  mentioned.  Non-union  of  frac- 
tui'^vi  uf  thi*  fori*;4rm  i«  not  eoimnon  hut  when  it  does  take  plaee  it 
in  M)iiiHii>  the  rt^ult  of  the  interposition  of  soft  tissues  between  the 
flHioluhHl  t^ml»  nither  than  to  eoiistitutional  <*aiises  or  defective 
iimm»hili»rtlHMi,  Wlien  due  to  the  interposition  of  inusele  or  fascia 
tlu^  |M\^H*wii'*  will  thiHMkl  on  whetlnu'  or  not  operative  procedures 
lliv  iiM«tltUi«Hi  Hiul  the  fractured  surfaces  brou^dit  into  eoutaet,  A 
tmivhil  M\\\\y  of  X-niy  \Ai\tvs  taken  in  two  planes  will  as  a  rule 
vt  V  thr  pri«ew*iuv  of  interposed  tissues  early  in  the  course  of 
,1  ^\\iA  \t  Iho  proper  surgical  measures  are  then  instituted 
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there  will  be  no  occasion  for  non-union.  Sli^rht  bowing  in  a  child 
will  usually  correct  itself  as  years  go  by  but  this  fortunate  condi- 
tion is  no  reason  for  the  surgeon  not  insisting  on  the  most  perfect 
possible  reduction  following  the  accident. 

Volkmann's  paralysis  (or  contracture)  is  a  paralysis  of  the  fore- 
arm with  wasting  of  the  muscles  and  contracture.  The  first  cause 
is  said  to  be  an  ischemia  which  is  followed  by  myositis  and  ultimate 
destruction  of  muscular  tissue  which  is  replaced  by  scar  tissue. 
The  function  of  the  nerves  may  be  subsequently  destroyed  by  con- 
traction of  the  sear  tissue  as  well  as  by  disuse.  The  points  at  which 
nerve  constriction  most  commonly  takes  place  are  where  the  median 
paaaeB  between  the  heads  of  the  pronator  radii  teres,  and  the  ulnar 
nerve  between  the  heads  of  the  flexor  carpi  ulnaris.  Volkmann's 
paralysis  usually  follows  fractures  of  the  upper  extremity  in  chil- 
dren (especially  fractures  of  the  forearm)  and  is  the  result  of  too 
tight  bandaging  or  interference  with  the  circulation  from  some 
other  cause. 

Pain  may  be  present  with  the  onset  of  the  condition,  but  is  no 
guide  whatever  to  the  damage  the  forearm  may  be  undergoing 
from  too  tight  bandaging.  The  fingers  are  swollen  and  show  passive 
congestion,  the  hand  and  forearm  are  numb  and  uncomfortable  but 
seldom  painful.  Later  on  contracture  develops  in  which  the  wrist 
is  flexed,  the  proximal  row  of  phalanges  hyperextended  and  the 
middle  and  distal  rows  flexed.  (See  Figs.  318,  319  and  320.)  If 
the  condition  is  allowed  to  go  uncorrected,  contraction  of  the  scar 
tissue  replacing  the  muscles  is  likely  to  destroy  the  nerves,  and  all 
electric  reaction  will  be  lost. 

If  the  case  is  seen  early  (within  a  few  days  or  a  week),  massage 
and  forcible  passive  motion  with  removal  of  all  dressing,  regardless 
of  the  presence  of  fracture,  should  be  followed  by  complete  restora- 
tion of  function.  If  the  case  is  firet  seen  after  the  establishment  of 
the  contracture,  surgical  measures  will  be  necessar>',  and  even  then 
the  restoration  of  function  is  usually  only  partial.  The  condition  of 
the  nerves  should  be  determined  and  then  the  procedure  most  likely 
to  give  good  results  chosen.  ^lyotoniy  may  be  performed,  the 
nerves  may  be  dissected  out,  the  flexor  tendons  may  be  lengthened 
or  the  radius  and  ulna  may  be  shortened.  Passive  motion  and 
massage  are  mast  important  following  operation. 
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serrated  ends  before  the  fragments  are  brought  back  into  alignment. 
It  should  be  remembered  during  all  manipulations  that  the  sharp 
serrated  ends  of  the  fragments  may  be  made  to  do  serious  injury 
to  the  soft  tissues.  When  it  is  found  neeossary  to  make  lateral 
pressure  on  a  fragment  the  force  should  be  applied  a  little  above 
or  below  the  seat  of  fracture,  as  the  case  may  be,  and  not  directly 
on  the  displaced  end.  Fracture  of  the  radius  between  the  inser- 
tions of  the  biceps  and  pronator  radii  teres,  calls  for  immobiliza- 
tion of  the  forearm  in  the  supinated  position,  the  same  as  already 
mentioned  in  the  treatment  of  isolated  fractures  of  the  radial 
shaft.  When  the  fragments  of  only  one  shaft  are  found  to  be 
overriding  (more  often  the  radius)  our  attention  may  be  confined 
almost  entirely  to  correcting  the  deformity  of  this  one  bone.  The 
lateral  displacement  is  first  reduced  and  then  the  angular  de- 
formity; the  opposite  bone  will  follow  provided  it  shows  only 
angular  displacement.  When  reduction  is  difficult  or  the  patient 
nervous  and  hard  to  control  it  may  be  advisable  to  accomplish  re- 
duction under  anesthesia.  It  is  well  to  remember  that  children 
are  not  as  safe  subjects  for  anesthesia  as  adults  and  reduction 
in  many  cases  entails  only  an  instant  of  pain  if  properly  per- 
formed. In  reducing  green-stick  fractures  in  children  it  may  be 
possible  to  simply  correct  the  bowing  and  straighten  the  bone  but 
more  often  it  will  be  found  necessary  to  complete  the  fracture  by 
bending  the  shaft  in  the  direction  of  the  bowing  and  then  treat- 
ing the  condition  as  a  complete  fracture. 

If  the  surgeon  has  reason  to  anticipate  any  special  difficulty  in 
effecting  reduction  it  may  be  well  to  prepare  for  operation  before 
giving  the  anesthetic,  and  tlien  if  it  is  found  that  reduction  can- 
not be  accomplished  by  manipulation  he  is  ready  to  correct  the 
displacement  by  open  incision.  Thus  an  additional  anesthetic 
is  avoided,  time  is  saved  and  there  are  no  failures  to  be  explained. 

The  splints  employed  in  immobilization  of  fractures  of  the 
forearm  are  the  same  whetlier  one  or  both  bones  are  broken.  Flat 
anterior  and  posterior  splints  will  be  found  to  meet  the  require- 
ments in  the  largest  number  of  cases.  They  should  be  a  little 
broader  than  the  widest  portion  of  the  forearm  and  well  padded 
before  being  api>lied.  Light  (piarter-inch  wood  will  answer  the 
purpose  well.  Pliable  wood  such  as  yucca  board  may  be  em- 
ployed but  should  be  used  with  the  greatest  caution  and  must  never 
be  bandaged  in  place  tightly  enough  to  force  it  to  conform  to  the 
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%,   307. — Fracture   of    IfKjth   honert   uf    tine    fi^renrm    prior   to    roductian.      {Hve   Figs, 
and  !I8($.> 


Kiff.    3it9. — ^Ventrwl   fiplittt   hjii*!)*'')    fuUttwintr   reclurtiott    ond    h«dd    in    iiufviiiMii    liv    Two 
itrtkpm  of  »aiH'*iVf— i.   Mill    ft. 


Wig-   309, — Korviiriii  ttnnt'il  «o  tlitit  lhpn;ir  "t*ut  out"   ma)-  ho  t^een. 


Pl|f.    HtU,— -r^nmnl    Hjilmi    jitntliiHl    hihI    Ii.IiI    hi    poMtinn    h>    two    ndditinnAl    «lrnp»   of 
htmitt^-^\  and  /), 


1 


Hf.   SI  I  — Bnnd«£ini{  ooverintf  lw*lh  Hplm1«.      WliHin   Ou'  (HiJisirtu    In  brokHii   Bbovi*  the 
Middtf*    thti   dr«t»iiig   inf>uld    hv   Huppkimentcd    by    iin    intprniil    rt^hr    mngW   sfrlint.      (i^c 
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t'outuur  of  the  forearm,  as  olhersvise  eoiistriHion  may  result.  The 
nnterior  splint  shoiikl  extend  from  the  middle  of  the  palm  of  the 
liand  to  li  j>oiHt  just  below  the  bend  of  the  elbow  whni  the  fore- 
arm is  senntlexed.  The  radial  side  of  the  lower  end  of  the  sjrliot 
ghould  lie  eut  away  to  Amv  the  thenar  eminence  as  shown  in  Fi^. 
809.  Tlie  cotton  jiadtlintf  should  he  thicker  just  above  the  wrist 
and  opposite  the  palm  of  the  hand.  The  posterior  splint  should 
extend  from  the  inetacarpo-phalanp:eal  knuekloB  to  a  point  a  short 
distant'e  below  the  elbow.  The  forearm  must  not  he  bandaged 
before  the  splints  are  applied  as  the  eireulation  may  thus  he  in- 
terfered with.  One  splint  is  put  in  plaee  (usually  the  palmar) 
and  seeured  with  two  strips  of  adhesive  as  shown  in  Yi^.  308 
and  the  parts  examined  to  see  tliat  reduetion  is  maintained.  The 
seeond  splint  is  then  apidird  and  seeured  with  strips  of  adhesive 


Fig.  311'.— Shows  Rauie  drt^wriK  "[Jitunl  n|>  for  inRpprtion  during  tha  after  treut- 
rnent;  Strnps  fj,  tind  IK  hnve  been  mi  itnd  dnrRrtI  splint  tiirnt»d  bftrk.  tims  allowing 
lQ«pe«:iioii  and  pnlyatiion  ct(  tha  foreurm  whiln  it  is  slilli  aceured  to  the  vetitrftl  splint. 
(See  also  Fign.  2d3  and  284.) 

whieh  eneirele  both  splints.  The  splints  should  be  loosely  ban- 
daged, especially  when  the  dressing  is  tirst  applied,  Oanprrene 
of  the  forearm  or  Volkmano's  contracture  may  follow  too  tight 
bandaging,  and  the  surgeon  cannot  always  depend  on  the  sensa- 
tions of  the  patient  to  give  w^arning  timt  damage  is  being  done. 
Gangrene  is  knowTi  to  have  occurred  without  attracting  the  pa- 
tient's attention.  Plde^rnionous  inflammation  is  not  uneommon, 
and  pus  developing  within  the  tissues  may  cause  extensive  dam- 
age by  burrowing.  It  must  be  remembered  in  this  connection  that 
a  bandage  may  be  of  the  proper  snugness  at  the  time  of  applica- 
tion and  yet  a  few  hours  of  swelling  may  result  in  dangerous 
strangulation  of  the  forearm.  Any  form  of  splint  which  is  curved 
to  conform  to  tlie  surface  of  the  forearm,  or  a  rolled  bandage 
applied  to  the  forearm  before  flat  splints  are  put  in  place,  is  more 
likely  to  produce  strangulation  than  is  the  simple  flat  splint 
Splints  making   pressure  between   the   hones   of   the    forearm   to 
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f prevent  approxirnatiom  of  the  i'ra':r!neiits  ai*ros«  tho  interosseous 
space  are  daiij:reroiis  and  should  never  be  iise<L  Tf  tlie  f  met  are  or 
fractures  are  iii  the  upper  half  of  the  forearm  an  internal  or 
external  right  an^le  splint  should  be  nsed  in  adilition  to  the  flat 
splints  employed  in  inunobilizinj^  the  forearm.  If  the  break  is 
iieai-  the  elbow  it  will  be  impossible  to  secure  proper  iixation  with- 
out  immobilizing  the  elbow.  The  thnml)  and  tinprers  nhoiiid  hv  left 
exposed  in  all  cases  so  that  tin:  eoudition  of  the  eirculation  may  be 
knowTi  without  removin«j  thi-  dressings. 

The  seeondary  traumatic  reaetion  is  often  pronounced  in  frae- 
tures  of  the  forearm,  and  nuist  lie  taken  into  eonsideration  in  the 
treatment  of  fractures  in  this  reifioii.  If  the  trauma  to  the  soft 
tissues  is  ^rent  it  may  be  best  to  defer  the  applieation  of  s[d!nts 
until  the  swelling  is  <le(*reasin|^  and  under  eontroL  It  is  often 
possible  to  foretell  apju^oximately  tbe  deg-ree  of  swelling  whieb  will 
follow,  by  the  extent  of  l>rnisin^  of  the  tissues  of  tbe  forearm, 
and  when  the  surtreon  lias  reason  to  anticipate  a  severe  reaetion 
the  case  should  be  treated  for  tbe  first  few  days  alonpr  the  follow- 
ing lines.  Tbe  deformity  is  reduced  immediately  and  tbe  forearm 
loosely  bandaged  on  a  single  splint.  The  patient  is  then  put 
to  bed,  tbe  parts  kept  perfectly  quiet  and  the  ice  cap  applied 
at  intervals  to  the  region  of  fracture.  Sedatives  or  opiates  may 
be  necessary  it*  tbi*  ]min  is  severe.  The  arm  should  be  examined 
every  few  hours  to  see  that  the  swelHnir  is  not  great  enough  to 
cause  constriction  of  the  forearm  within  the  bandages.  Dunng 
this  time  an  X-ray  should  be  taken  to  tietermine  the  exact  nature 
of  the  fVaeture.  When  the  swellinir  is  well  subsided  the  arm  may 
be   imniobflized   with  splints  as  previously  deserihed. 

Operative  Treatment — The  open  nu^thod  is  indicated  in  recent 
cases  wh(»n  prober  reduction  (*annot  lie  had  by  nmnipulation  and 
in  compound  eases.  Simple  angular  deformity  can,  as  a  rule,  be 
correcteil  by  manipulation  unless  .some  of  the  soft  tis.sues  become 
interposed  between  the  fractured  stirfaees.  Overriding  deformity 
of  one  or  both  bones  and  multiple  fracture  of  one  of  the  shafts 
are  the  conditions  most  often  rendering  operation  neeeSvSary. 
Fracturr  of  fhf  rmlins  is  best  exfMised  through  a  longitudinal  inci- 
sion  on  the  oAiter  aspef*t  of  the  forearm,  Ttie  skin,  faseia'  and 
Bponeuros*\s  are  divided  with  the  sealpi-l  and  tlie  underlying  mus- 
clt*ji  seiiarated  by  blunt  disseetiou.  When  the  fracture  is  low  in 
the  radial  shaft  care  should  be  taken  not  to  divide  the  tendons  of 
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the  extensor  muscles  of  the  thumb  which  pass  obliquely  across 
the  outer  aspect  of  the  lower  end  of  the  radius.  The  position 
of  the  radial  pulse  should  be  noted  before  making  the  incision  to 
avoid  injury  to  the  artery  when  anomalously  placed.  With  the 
frapmonts  exposed  reduction  is  accomplished  by  direct  manipula- 
tion and  the  serrations  fitted  accurately  together.  Internal  fixa- 
tion will  usually  be  unnecessary  if  the  ulna  has  not  been  injured. 
Not  infnMiuently  one  or  both  fragments  show  a  disposition  to  slip 
out  of  place  toward  the  ulna.  When  this  occurs  it  may  be  possible 
to  prev(»nt  recurrence  of  deformity  by  a  single  loop  of  wire  holding 
th(»  fractured  surfaces  opposed  or  it  may  be  necessary  to  employ  a 
Huwill,  liglit  Lane  plate. 

In  opiratimj  on  the  ulnar  shnft  it  is  best  to  expose  the  frag- 
inents  through  a  longitudinal  incision  a  little  internal  to  the  pos- 
terior Hubcutaneous  border.  The  fragments  are  reduced  in  a  man- 
m»r  Hiniilar  to  that  just  described  in  operating  on  the  radial  shaft, 
and  inttM'ual  fixation  used  or  not,  according  to  the  needs  of  the 
caH(«  in  hand. 

Wfun  both  hones  arc  fractured  the  shafts  should  be  exposed 
througli  two  incisions  as  already  described  in  operating  on  isolated 
fractures  of  either  shaft.  It  is  a  mistake  to  attempt  to  expose 
both  shafts  through  one  incision  since  the  injury  to  the  soft  tissues 
will  he  more  extensive.  Theoretically  this  would  not  seem  to  be 
the  case,  but  practically  it  will  be  found  to  be  true.  Internal 
(Ixatiou  is  more  frequently  necessary  when  both  bones  are  frac- 
tured than  in  instances  of  isolated  fracture  of  either  the  radial  or 
ulnar  shaft. 

In  severe  compound  eases  where  there  has  been  considerable  loss 
of  hony  tissue  in  one  of  the  shafts  it  has  often  been  found  neces- 
sary to  resect  a  portion  of  the  opposite  shaft  to  make  the  two  bones 
of  ecjunl  length.  This  procedure  has  in  many  instances  resulted  in 
UH(»ful  arms  which  would  otherwise  have  been  severely  crippled, 
but  before  it  is  employed  in  any  given  case  we  should  consider 
the  possibility  of  an  autoplastic  transplantation  of  a  portion  of  the 
shaft  of  the  patient's  fibula  or  a  section  of  the  tibial  crest  into  the 
shaft  of  the  deficient  bone.  (See  *'Bone  Transplantation"  on  page 
771.) 

Severe  compound  cases  should  be  treated  according  to  the  prin- 
cipl<»s  laid  down  under  the  heading  of  '*The  Treatment  of  Com- 
pound Fractures  and  Luxations"  on  page  789.     Severed  arteries 
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Fip.    Si:i. — Antero-pofstcrior    view    af    frot'lnri*    of    bolh    boiK^n    of    tht?    forrartn    with 
ovi^iTiUinf  deforinily,      Noii-oficTiiiivi*  ri'dui-tion   impohmbLe, 


FIf,  Mh. — Anlcro  posterutr    view   of   «»ii«?   cjiso    nftt'r    it|if<^niHon    uitfi    inU'rtiiil    fixu^iori. 


Flff.   31C.— Latenil    view    nflt;r   uy<?ratiuti. 
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should  be  ligated  and  nerves  sutured  in  cases  where  they  are  found 
divided. 

After-Treatment. — During  the  first  few  days  the  bandages  should 
be  very  loose  and  the  dressings  frequently  inspected  to  see  that 
there  is  no  strangulation  of  the  parts.  The  condition  of  the  cir- 
culation beneath  the  nails  may  be  easily  ascertained  and  compared 
with  the  opposite  side.  There  is  no  region  in  the  body  in  which 
strangulation  is  more  likely  to  take  place  than  in  the  forearm  and 
the  results  may  be  disastrous.  Volkmann's  contracture  is  a  pos- 
sibility which  must  be  kept  constantly  in  mind  during  the  after- 
treatment  of  fractures  of  the  forearm.  (See  **Volkmann's  Con- 
tracture/' page  2*M,)  The  skin  over  the  head  of  the  ulna  often 
calls  for  special  care  to  avoid  irritation.  Gentle  massage  after  the 
subsidence  of  the  traumatic  swelling  is  of  great  value  in  keeping 
the  soft  tissues  in  good  condition  during  the  process  of  bone  heal- 
ing but  the  greatest  care  should  be  exercised  to  avoid  disturbing 
the  fragments.  Union  may  be  expected  in  children  in  three  weeks 
or  even  less,  but  the  forearm  should  be  protected  by  retaining  the 
posterior  splint  for  another  ten  days.  The  forearm  should  be  sub- 
jected to  only  the  gentlest  use  for  two  or  three  weeks  following  the 
removal  of  all  splints.  Active  motion  in  all  directions  will  be 
weak  and  limited  on  removal  of  the  splints,  but  function  will 
return  rapidly  with  use  and  massage.  The  parts  should  be  in- 
spected at  least  daily  for  the  first  ten  days  to  properly  accommo- 
date the  dressings  to  the  varying  size  of  the  forearm;  after  ten 
days  the  dressings  should  be  removed  at  least  twice  a  week  to 
recognize  and  correct  deformity,  should  it  take  place.  If  flat 
splints  are  used,  as  shown  in  Figs.  283  and  312,  one  splint  may  be 
removed  without  disturbing  the  other,  and  we  are  thus  enabled  to 
inspect  the  parts  without  entirely  removing  the  support  from  the 
broken  bones.  Plaster  splints  and  the  plaster  cast  have  been  suc- 
<-e8sfully  used  in  the  treatment  of  fractures  of  the  forearm  but  they 
are  iiangerous  ai)plianees  except  in  the  hands  of  the  expert.  If 
piaster  of  Paris  had  never  been  employed  in  the  treatment  of 
fractures  of  the  forearm  Volkmanirs  contracture  would  have  been 
mu^'h  h'ss  rroinmon. 

If  iIh'  fractures  are  at  or  above  the  middle  of  the  shafts  the 
internal  or  external  right  angle  splint  should  be  retained  througli- 
out  as  a  nr<M\ssary  pnrt  of  the  dressing. 

I'jOw'iu'j  may  rt-sult   from  using  the  forearm  too  soon  and  the 
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[mtient  should  be*  warnrd  to  avoid  undue  strain  on  the  boui's  for 
a  pericMl  varyiiitr  fi-oiu  one  to  four  months  followiurr  fracture. 
Wheu  there  is  doulit  as  to  the  sati^fiietory  ossification  of  the  callus 
it  is  advisable  to  base  our  after-treatment  on  X-ray  lindinpfs.  In 
adults  four  to  five  \VL»rks  will  f»e  necessary  before  the  callus  is 
strong'  enough  to  allow  perinanent  removal  of  tiie  splints.  Old 
persons  produce  bone  slowly  and  should  be  allowed  15  to  20  per- 


l*ije,   aiT.— SUitht    lKJwi«j£   <t<.'^ortnily    ffjIlowiriK    friu'lure    of    bolU    biiUdK    of    the    fore- 

ftmu     Th0  4f*fortnJtf   hr»rc  i*   rlm^  to  ovt^rrWliHtf  of   tlvo   rnrliul   friiK^iDputK.      Not«  the   hand 

vihirti    it    diiplnc^d    tlii^htly    lo    the    rftdini    filtlt''    ami    n    lillle    bur:kwar<i      OpernUoa    was 

[•tlviiiHHl    iti    thi*    rnftc    bul    r»»fnR**<r      Function    ri'^itorinl    l*iit    t-ltght    dt'Torraiiy    p^irsiM^tB.      A 

lid^formity   much   jim  this  will   diminij^li    with   year*  provided    llii.-*  pntii^ni  ift  young.      Picture 

ltft|(«a   iiboat  four  ond   n   halt   weok^  tnUowing  trneiurv. 

I  cent  inon*  tinie  than  is  allowed  healthy  a^lults.     During  the  after- 

[treatment  the  fiiiyrers  should  be  rnanij>ulated  daily,  espeeially  m  old 

[peniornj,  as  otherwise  adhesions  fonn  about  the  tendons  and  nuis- 

\  and  between  the  joint  surfaces,  wfii(»h  may  )irove  a  perauineut 

ce  of  restriefed  motion. 

Prognosis. — 'Pbe  prognosis  irj  fnietares  of  tlie  boin's  of  the  fore* 

Liirnj  varies  greatly  Hceordiii«jr  to  the  ctnirfitioiis  pi-esent.     Acenrate 

\  rcihiction  of  Ihe  fra<znienl.s  in  a  healthy  child  or  adult  shoufd  be 
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fi»llt>\vi'(l  \\y  rnmfili'te  nvstonition  of  fuiictiotK  Ooformity  may  pro- 
ilufi'  loss  of  finu'tiaiK  The  rotary  action  of  the  forearm  is  most 
frtH|ui'iitly  hiti'rfi'n'd  witli,  tlie  nmnt  roiimioii  causes  beincr  an 
imlwanl  hmin^r  of  the  nhnU  of  the  ra^lius  or  the  rxteiisioii  of  the 
ciillus  from  tin-  shaft  of  tlie  ulna  to  the  radius  whvn  thi*  frajL^iiieuts 
of  tliosr  two  hones  nva  (iisplaced  toward  each  otht^r.     Ijoss  of  the 


Fiff,  arid.  Fig.  aiy   (top).  Fig.  320. 


Fig».  318,  31»  jiinl  320.— Thrt-e  v»fW»  uf  a  ciiw?  of  ValkDisuin  §  paralysi*-  This  CAM 
Is  Bti  exAmpIt^  of  a  moM  diftaAtrouH  f^orutition  whifh  niiiv  follow'  too  tii^tit  batidiiping  of 
tli€i  forcrarni.  In  Ihb  ena*  (h«*ri'  had  been  no  frmlure  Tlie  ttati^nt  sustained  a  lacerated 
wound  iDVoWin^  one  of  the  large  art«ri««  and  an  Ks^mareh  totiruiqnel:  wai  applied  and 
left  in  pOBJtion  for  orer  twelve  hours  while  thi«  pationt  wa»  bt»ing  hruught  to  the  city 
for  9uricical  tre»tineai.  Hyoahts.  p&raljriiia  and  coairactu.re  followed.  Case  first  s«eii 
by   author  ftoine  jears  after   Ihe  injury. 

power  of  supination  may  follow  fracture  of  the  radial  shaft  be- 
tween the  insertions  of  the  hieeps  and  pronator  radii  teres  if  not 
treated  in  siipiTialion  as  preTiously  mentioned.  Noniiuion  of  frac- 
tures of  the  forearm  is  not  eommoii  bnt  when  it  does  take  i>laee  it 
is  usually  the  result  of  the  interposition  of  soft  tissues  betwt*en  the 
fractured  ends  rather  than  to  eoustitutional  causes  or  defective 
iminohili/ation.  When  due  to  the  interposition  of  muscle  or  fascia 
the  proy:nosis  will  depend  on  whether  or  not  operative  |iroi*e*iures 
are  instituted  and  the  fraetuT'ed  surfaces  brouirlit  into  contact,  A 
careful  study  of  X-ray  plates  taken  in  two  planes  will  as  a  rule 
disclose  the  presence  of  interposed  tissues  early  in  the  course  of 
the  case,  and  if  the  proper  surgical  measures  are  then  instituted 
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there  will  be  no  oef^asion  for  iioaiunon.  SiiiLrht  Imwint^  in  a  ehild 
will  usually  correct  itself  as  years  ^o  by  but  this  fortiinale  eoudi- 
tion  is  no  reason  for  the  surij^eon  not  insistin^^  on  the  most  perTeet 
possible  reduction  following  the  at*cidejit, 

Volkniaiurs  |iaralysis  (or  eoiitraetnre )  is  a  paralysis  of  ttie  fore- 
arm with  wasting  of  the  nniseles  and  eoiitraeture.  The  fii-st  eanse 
i^said  to  he  mi  iseheniia  whieh  is  followed  by  myositis  and  n It i mate 
tnietion  of  nniseidar  tissue  whieh  is  rejdaced  by  sear  tis«iie. 
The  function  of  the  nerves  may  be  snlmequeutly  destroyed  by  con- 
f  raetiou  of  the  sear  tissue  as  well  as  fry  disuse.  The  poijits  at  whieh 
nerve  eonstrietion  most  commonly  takes  place  are  where  the  median 
passes  between  the  heads  of  the  pronator  mdii  teres,  and  the  ulnar 
nerve  between  the  heads  of  thej  t!exor  carpi  ulnariH,  Volkinann  s 
I>araly8is  usually  follows  fnjetnres  of  the  upjier  extremity  in  chil- 
tlren  (especially  fractures  of  the  forearm)  and  is  the  i^esult  of  too 
tijrht  bandaging  or  interferenee  with  the  cireulatiou  from  some 
«»ther  cause. 

Pain  may  be  present  with  the  ousrt  of  the  condition,  but  is  no 
guide  whatever  to  tlu^  damage  the  forearm  nmy  be  undergoing 
from  tOf>  tight  bamiaging.  The  fingers  are  swollen  and  show  passive 
congestion,  the  band  and  forearm  are  luiinb  and  uncomfortable  but 
seldom  painfub  Lnter  on  eontraetnre  develops  i!i  which  the  wrist 
is  flexed,  the  proximal  row  of  pbalanges  hyperextended  and  the 
middle  and  distal  i-ows  iiexed.  (See  Figs,  318,  319  and  320.)  If 
the  condition  is  allow^iul  to  go  uncorrected,  contraction  of  the  scar 
tissue  replacing  the  musctes  is  liki^ly  to  d«^stroy  tlip  nen'es,  and  all 
electric  reaction  will  be  lost. 

If  the  case  is  seen  early  (within  a  few  days  or  a  wvek),  massage 
and  forcible  passive  motion  with  removal  of  all  dressing,  regardless 
of  the  presence  of  fracture,  should  be  followed  by  complete  restora- 
tion of  function.  If  the  case  is  first  seen  after  thi'  establishment  of 
the  contracture,  surgical  measures  will  be  iu*cessaiy,  and  even  then 
the  restoration  of  funetion  is  usually  only  partial.  The  condition  of 
the  nerves  should  l»e  deterinincil  and  then  tbe  proeedure  most  likely 
to  irive  good  results  eliosen.  ^llyotomy  may  be  performed,  the 
ner\*e«  may  l»e  dissected  otit.  tbe  tiexor  tendons  may  be  lengthened 
or  tlie  nuiins  and  ulna  may  be  shortened.  Passive  motion  and 
massage  are  most  impnrttuit  followinj^r  operation. 


CHAPTER  XYIL 
FRACTURES  OF  THE  LOWER  END  OF  THE  ULNA. 

Surgical  Anatomy. — Isolated  fracture  of  the  lower  end  of  the 
ulna  is  not  a  common  injury  and  its  importance  is  much  less  than 
fractures  of  the  lower  end  of  the  radius.  Uncomplicated  fracture 
in  this  rctrion  is  almost  invariably  due  to  direct  violence.  The 
lower  end  of  the  ulna  is  only  slightly  larger  than  the  shaft  above 
it  and  transverse  stress  is  about  the  only  type  of  strain  to  which 
it  is  sul)je<'ted.  It  forms  the  center  about  which  the  lower  end 
of  the  radius  revolves  during  supination  and  pronation.  Longi- 
tudinal stress,  such  as  sustained  in  falls  on  the  hand,  is  transmitted 
through  the  radius  directly  to  the  humerus,  and  from  the  radius 
to  the  ulnar  shaft  by  means  of  the  interosseous  membrane.  The 
lower  end  of  the  ulna  remains  free  from  this  type  of  strain,  be- 
coming involved  only  when  the  radius  breaks;  the  pull  of  the 
triangular  fibro-cartilage  may  then  fracture  the  ulnar  styloid. 
The  lower  end  of  the  ulna  does  not  enter  into  the  formation  of  the 
wrist  joint  but  articulates  with  the  upper  surface  of  the  triangular 
fibro-cartilage  and  the  sigmoid  cavity  of  the  radius.  In  pronation, 
the  head  ot*  the  ulna  presents  at  the  back  of  the  wrist,  while  in 
supination  the  styloid  process  alone  is  palpable.  Fractures  of  the 
lower  end  of  the  ulna  are  often  situated  just  above  the  head  and 
are  usually  transverse,  though  they  may  be  oblique  or  longitudinal 
and  involve  the  head  or  styloid  process.  The  most  conunon  break 
of  this  i)ortion  of  the  ulna  is  seen  accompanying  Colles'  fracture 
and  consists  in  an  avulsion  of  the  styloid.     (See  Figs.  326  to  331.) 

Epiphyseal  separations  may  oc(*ur  but  arc  quite  rare.  The  lower 
epiphysis  (including  the  head  and  styloid)  is  ossified  from  a  single 
eenter  which  is  first  st.*en  about  the  fourth  year.  It  joins  the  shaft 
at  about  the  twentieth  year.  An  anomalous  ossicle,  the  triangulare, 
is  sometimes  seen  just  below  the  ti])  of  the  ulnar  styloid  and  may 
be  mistaken  for  fracture  of  this  process  in  interpreting  X-ray 
plates  of  this  region.     (See  Figs.  40')  and  406.) 

():i  the  postt'rior  aspe<'t  of  the  lower  end  of  the  bone  is  a  shallow 


Fig.  ^21.— FTRClure  of  tx^iti  Ni»»r»  *tf  thr  tort^mrm  snd  eepArAlion  of  Ituf  l.^wir  ulnar 
«piph>ai*.  The*  ti«|iiLraled  e|iipti>fti»  furuift  ft  ftUuhl  promineiice  on  thi?  tiltjar  -Mir  of  th« 
vrist   whieli  tnfty   be  trnta  ftod  folL      Pltotoj|rit|»h  talctm  «  few  minutes  follvwiufc   arndeitt 


Fifft,  S23  Slid  S23, — X  my  {»Ut«s  atiowing  sttl«r<i  pocteHor  and  U^...,.  ,....*.  uf  ili« 
^M  Been  in  Fl|r,  321.  J  wid  f.  fncture  in  u1ti«r  •hmtt:  S  and  4,  fr«rture  m  rftdlftl 
»ht(ft;   5,  diftplArrd   ulnsr  cpiphyftly. 
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'jrtHfvr  lor  !h<*  passiit^e  of  tile  teiitloii  of  the  extensor  earpi  uluaris. 
Symptoms.  ^The  syinptoms  aeeompanyiiig  isolated  fracture  of 
iUi*  lower  i^nti  n(  tfie  ulna  are  oftt^n  surprisingly  mild.  There  is 
IocmI  jmiri,  trndrriirss,  swelllnj^  ami  a  variable  ilegree  of  loss  of 
ruNrlioiu  Siiif^e  tlu?  eoudition  usually  results  from  direct  violeiiee 
ilwvii  will,  iiH  a  rulCp  W  evidences  of  the  blow  on  the  skin  in  this 
rrKiou.  If  111'*  trautiin  is  severe  the  eondition  may  In*  eomitoitnd. 
Su|>iiiHtitHj  niul  pronation  are  often  partieularly  painful  and  the 


ItMi  ttlTHtid  iir«M»»i 

wri»*t  lackn  lali-ral  stability  tfiough  the  moveTueuls  of  the  w^rist 
itm*lf  are  uieehanieaUy  undisturbed.  Direct  palpation  will  elicit 
eri'pitnM  if  the  fniK"i<*iits  are  iiuuiipuhitett  The  low^er  end  of  the 
iiltiH*r  fra^rnM'Ut  may  be  displat'ed  in  any  direetioji  thouch  it  is 
more  eommon  to  find  it  m^arer  the  radius  than  normal  and  prom- 
HM-nl   [H/Nfi*rif»r]y.     Drforniity,  however,  is  usually  slijtrht. 

Diftgnoiil,  -  Kraet nr<*  of  the  lower  end  of  the  ulna  can,  as  a  rule, 
hi*  v*H'ii^}ii/t'f\  wilfiout  dilTieulty  if  the  parts  are  carefully  exam- 
Uml.     TUi'n'  in  m\  *dinra(*tenstic  dcforuuty  and  henee  inspection 


FRACTURES  OF  LOWER  END  OF   ULNA  235 

alone  is  of  little  value.  The  condition  is  most  frequently  over- 
looked when  it  occurs  accompanying  CoUes'  fracture.  The  broad- 
ening of  the  wrist  seen  in  Colles'  fracture  is  due  to  rupture  of  the 
triangular  fibro-cartilage  or  to  avulsion  of  the  styloid  (usually 
the  latter)  and  is  suggestive  of  fracture  of  the  lower  end  of  the 
ulna.     When  doubt  exists  the  X-ray  should  be  employed. 

Treatment. — This  fracture  is  not  a  serious  one  as  compared  to 
other  breaks  in  this  region  and  reduction  of  the  displacement  is 
usually  accomplished  without  difficulty.  If  the  tendon  of  the 
extensor  carpi  ulnaris  tends  to  displace  the  lower  fragment  the 
hand  should  be  treated  in  a  position  of  dorsal  flexion  and  ad- 
duction. A  single  anterior  splint  extending  from  the  base  of  the 
fingers  to  the  upper  part  of  the  forearm  will  usually  suffice  in 
immobilizing  the  parts.  Direct  pressure  may  be  exerted  by  pads 
of  gauze  secured  in  position  by  strips  of  adhesive  plaster.  Direct 
pressure  is  not  often  indicated,  but  when  it  is  it  will  usually  be 
found  necessary  because  of  a  tendency  on  the  [)art  of  the  lower  end 
of  the  upper  fragment  to  backward  deformity.  Tender  these  cir- 
cumstances direct  pressure  should  be  exerted  on  the  shaft  of  the 
bone  above  the  level  of  the  fracture.  Tight  bandaging  is  as  dan- 
gerous here  as  in  the  treatment  of  fractures  of  the  shafts  of  the 
bones  of  the  forearm,  and  the  same  precautions  are  to  be  observed 
as  already  mentioned  in  the  preceding  section.  The  forearm 
should  be  carried  in  a  sling  which  sui)ports  its  entire  length  as 
Otherwise  it  may  exert  a  displacing  action  on  the  fragments. 

Operative  Treatment. — Open  treatment  is  rarely  indicated  in 
recent  cases  aside  from  compound  conditions.  When  the  fracture 
is  open  it  is  to  be  treated  according  to  the  principles  laid  down 
under  **The  Treatment  of  Compound  PVactures  and  Luxations/' 
on  page  789.  If  deformity  recui-s  or  pei-sists  and  cannot  be  con- 
trolled by  ordinary  methods  the  fragments  should  be  secured  by 
internal  fixation  (see  page  754). 

After-Treatment. — The  forearm  should  be  freciuently  inspected 
during  the  first  week  or  ten  days,  es[)ecially  if  the  secondary 
traumatic  reaction  is  pronounced.  Undue  constriction  of  the  fore- 
arm is  as  dangerous  here  as  in  fractures  of  the  shafts  of  the  bones 
of  the  forearm  and  may  lead  to  Volkmann's  Contracture  (see 
page  280).  Immo.bilization  for  thi-ee  to  four  weeks  should  result 
in  union.  Fracture  of  the  styloid  and  displacement  of  the  lower 
end  of  the  ulna  will  be  considered  under  *' Fractures  of  the  Lower 
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End  of  the  Radius/'  since  it  most  frequently  occurs  as  a  compli- 
cation of  Colles'  fracture. 

Prognosis. — The  outlook  in  uncomplicated  fracture  of  the  lower 
end  of  the  ulna  is  cooii  both  as  to  function  and  deformity.  Fibrous 
union  is  sometimes  seen  but  does  not  as  a  rule  materially  lessen 
function.  When  the  condition  is  comjwund  the  prognosis  is  of 
course  worse,  but  it  is  rare  to  see  disability  following  fractures  in 
this  pecion. 


CHAPTER  XVIII. 
Ll^XATIONS  OF  THE  LOWER  END  OF  THE  ULNA. 

Surgical  Anatomy. — The  lower  end  of  the  ulna  articulates  with 
the  superior  surface  of  the  trianjjular  fibro-cartilage  and  the  sig- 
moid cavity  of  the  radius.  The  lower  end  of  the  radius  describes 
an  arc  about  the  head  of  the  ulna  during:  supination  and  pronation 
and  the  center  of  the  arc  thus  described  is  the  attachment  of  the 
apex  of  the  trianci:ular  fibro-cartilage  in  the  depression  between 
the  ulnar  head  and  styloid.  This  triangular  cartilapre  is  the 
only  ligament  in  the  lower  radio-ulnar  articulation  which  main- 
tains the  ends  of  the  bones  in  apposition.  The  anterior  and  pos- 
terior radio-ulnar  ligaments  extend  transversely  in  front  of,  and 
behind,  the  joint  and  limit  its  rotary  action.  The  lower  end  of 
the  ulna  does  not  enter  into  the  formation  of  the  wrist  joint.  A 
separate  synovial  sac  exists  between  the  lower  end  of  the  ulna  and 
the  cartilage,  and  extends  upward  between  the  radius  and  ulna. 
Isolated  luxation  of  the  lower  end  of  the  ulna  is  an  extremely  rare 
accident  though  it  has  been  recorded  in  a  sufficient  number  of 
cases  to  establish  it  as  a  type.  A  more  or  less  complete  dislocation 
of  this  joint  is  not  an  uncommon  complication  of  Colles'  fracture 
and  is  the  result  of  rupture  of  the  triangular  fibro-cartilage  or  an 
aMilsion  of  its  ulnar  attachment.  This  condition  has  been  fully 
considered  under  ** Fractures  of  the  Lower  End  of  the  Radius," 
(page  242),  and  appropriately  so,  since  it  is  secondary  to  and  a 
complication  of  Colles'  fracture. 

It  is  probable  that  no  one  observer  has  seen  more  than  one  un- 
complicated luxation  of  the  lower  end  of  the  ulna  and  hence  the 
details  of  the  condition  are  not  as  well  known  as  they  might  be. 
The  author  has  seen  but  one  case.  Experiments  which  the  author 
has  conducted  on  the  cadaver  showed  that  rupture  of  the  tri- 
angular fibro-cartilage  or  avulsion  of  one  of  its  attachments  was 
necessary  for  inward  luxation.  Ru[)ture  of  the  posterior  radio- 
ulnar ligament  was  regularly  found  in  posterior  dislocations  and 
tearing  of  the  anterior  ligament  was  noted  in  forward  luxations. 
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Extreme  jironatioii  i>ro(lu<*cd  tension  on  ihv  [K*8tt»rior  fibres  of  th« 
triiijitj:iihir   fibro-t*Mrtilatrc  whili*  e\tn*nie  supination   nmflfrecl   th€ 
anttn'ior   fibres   laiit.     Roduction   was   H{*c'oin[>anie(l    by   a   distinct"' 
j^nap  in  all  cases  in  whieh  the  trianeiilar  libro-eHrtilage  remained 
uuriiptureil. 

CUnieally,  three  tyfies  of  kixatioii  of  the  lower  end  of  the  iiltiaj 
have  been  obRervetl ; — nnitiely,  haekwanl,  forward  and  inwanl.     /« 
the  backward  ti/pt   the  head  oeeu[)it*s  n   position  just  behind  thfl 
postero-internal  an^^le  of  the  iinatlrilateral  lower  end  of  the  raditia 
The  posterior  tiuanient   is  torn  wliih^  tfie  triangular  fihro-i*artihn^e 
remains  intaet.     This  tyjie  of  luxation  is  more  conirnordy  seen 
a  eoni plication  of  ** reversed  ColleH*  fracture'"  and  is  due  to  hyper 
pronation    of   the    wrist.     In    thr    forward    fifpe    of    luxation    th| 
lower  end  of  the  iilna  is  tlisplaeed  forward  and  slightly  outward 
and  in  isolated  chsi^s  is  probal>Iy  en  used  by  hypermi[iination,     Aff* 
a  eom()lieation  td'  frncture  of  the  lowrr  end  of  the  nnlins  it  is  not 
uncommon,     Thr   i}iwat*d  iypt.    oeeui*s   only    with    rn(*tnre   of    tho 
irderartitndar  <*artila>^e  and  as  an  isolatrd  injury  is  so  rare  as  to  he 
quest ionahle.     As  a  cMinijilicHtion   of  C'olles*   fnielure  it  is  not   at 
all  uncommon. 

SjrmptOtns. — The  syrn|»toiris  aeeoiripanyin^  luxations  of  the  lower 
end  uf  tile  ulna  (h^prnil  f*n  the  lrnt,'tli  of  tiuH*  the  displaeenient 
lias  i)ersiBted  and  the  (lositiou  oecupieil  liy  thi-  hiad  of  the  ulna. 
In    recent   eases   there   is   fJiiiu.   swelliuj?,   lenilernesH,   loss   of    fune- 


nl   Ih©  buck 


5. — FoBterlor  Inxniion   uf  ln\rt?r  eiitl  of   uljm.      K«tr  tUv   nbnorniMl   pruinlu«'t}c«> 
uf  ibf   wtIm   on   the  uhuir  *id«u 


lion,  ete.  The  defojuuty  aiid  liisturhMucc  in  furiefion  «ie|>end  on 
the  tyi>e  of  luxation.  In  thr  harkwanl  varutit  tlie  wrist  is  in 
extreme  projuitiou,  narrower  than  iiornud  ami  the  prominence  of 
the   Jisplaeed   head   is  appiireat.     The  hand   is  sliiilitly   addueted, 
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supination  is  impossible  as  lon<r  as  the  luxation  exists,  and  there 
is  loss  of  power  in  the  fingers  and  wrist.  In  the  forward  type  the 
forearm  is  fixed  in  supination  and  the  ulnar  head  may  be  palpated 
on  the  palmar  aspect  of  the  wrist  above  the  pisiform.  The  wrist 
appears  narrower  than  normal  and  the  absence  of  the  ulnar  head 
from  its  normal  position  is  apparent.  The  inward  type  of  luxa- 
tion shows  a  broadening  of  the  wrist  with  loss  of  powder  in  the 
rotary  action  of  the  forearm.  The  symptoms  of  inward  luxation 
are  a  part  of  the  clinical  picture  in  many  cases  of  Colles^  fracture, 
and  as  such  have  been  described  under  "Fractures  of  the  Lower 
End  of  the  Radius."  As  an  isolated  injury  this  dislocation  is  a 
surgical  curiosity. 

Chronic  and  recurrent  luxations  of  tlie  lower  end  of  the  ulna 
are  occasionally  seen  and  the  sym})toins  differ  considerably  from 
the  acute  condition.  A  chronic  backward  subluxation  is  sometimes 
seen  in  children  as  a  result  of  heavy  work  while  the  bones  are 
still  in  a  soft  and  developmental  stage  and  is  known  as  Madelung's 
deformity.  This  ba(*kward  displacement  develops  gradually  as  the 
radial  deformity  increases,  and  with  removal  of  longitudinal  pres- 
sure the  ulna  grows  proportionately  faster  than  the  radius. 

Recurrent  luxation  of  the  lower  end  of  the  ulna  is  an  extremely 
rare  condition  sometimes  seen  following  trauma  in  this  region. 
The  displacement  is  usually  not  pronounced,  but  the  lower  end  of 
the  ulna  is  likely  to  slip  out  of  position  with  extreme  supination 
or  pronation.  Reduction  is  easy  and  usually  aeeomplished  by  the 
patient.  The  annoyance  and  interference  with  function  may  be 
marked  and  is  sometimes  accoinpanicMl  hy  ulnar  neuritis. 

Diagnosis. — There  should  be  little  ditficulty  in  recognizing  dislo- 
cations of  the  lower  end  of  the  uhwi.  The  displaced  head  of  the 
bone  may  be  palpated  and  is  characteristic  of  the  luxation  accord- 
ing to  the  direction  of  (Hsplacemeiit.  In  tlie  forward  typ(»  the 
wrist  is  narrower  than  normal  and  fixed  in  sui)ination.  In  the 
backward  type  it  is  narrower  than  normal  and  fixed  in  pronation. 
The  broadening  of  the  wrist  is  typical  of  inward  luxations  which 
are  almost  never  seen  except  as  a  complication  of  CoUes'  fracture. 
Luxations  of  this  joint  are  most  frequently  overlooked  when  they 
exist  as  complications  of  Colles'  fracture,  and  this  is  because  one 
is  apt  to  feel  that  the  diagnosis  is  coinplete  as  soon  as  the  fracture 
has  been  recognized. 

Treatment. — The  metliod  of  reduction  will  depend  on  the  type 
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of  luxation  present.  In  backward  dislocations  pressure  should  be 
exerted  with  the  thunilw  to  force  the  lower  ends  of  the  bones  apart 
while  the  wrist  is  hoinjr  carried  into  supination.  The  object  is 
to  force  the  head  of  the  ulna  around  the  postero-internal  angle 
of  tlie  lower  end  of  the  radius  and  then  carry  the  forearm  into 
supination.  Reduction  is  accompanied  by  a  distinct  snap  as  the 
ulnar  head  clears  the  prominence  and  settles  back  into  the  sii?- 
moid  cavity  of  the  radius.  Reduction  of  the  anterior  luxation  is 
accomplished  by  forcing?  the  ulnar  head  backward  and  inward 
around  the  antero-internal  angle  of  the  lower  end  of  the  radius 
and  then  cHrryinjr  the  foreann  into  pronation.  Reduction  of  this 
luxation  is  also  a(M»ompanied  by  a  distinct  snap  if  the  triangular 
fibro- cartilage  is  not  ruptured.  Uncomplicated  inward  luxation  of 
the  head  of  the  ulna  would  probably  offer  little  or  no  resistance  to 
reduction  and  the  tendency  to  recurrence  would  be  slight.  The 
condition,  however,  is  practically  unknown  as  an  isolated  injury. 
When  it  oceurs  as  a  complication  of  Colles'  fracture  it  is  difficult 
to  kee[)  the  luxated  ulnar  head  in  position  because  the  radius  has 
been  shortened  by  fraetun*.  In  r«»cent  cases  there  is  little  tend- 
ency to  r(»currenee  of  (h»formity  if  the  luxation  is  either  forward 
or  backward.  In  old  cases  it  may  be  impossible  to  effect  reduction 
by  manipulation,  espeeially  if  the  ulna  has  outgrown  the  radius  in 
length. 

Operative  Treatment.  -Operative  treatment  is  practically  never 
indi<'at(Ml  in  recent  eases  unless  the  condition  is  a  complication 
of  Colles'  fracture  and  the  break  calls  for  open  treatment  to 
effect  or  maintain  reduction.  In  old  unreduced  luxations  and 
when  the  condition  is  congenital  it  may  be  necessar>'  to  operate  to 
restore  the  bones  to  their  normal  relations.  In  old  cases  it  may  be 
necessary  to  resec't  the  ulnar  head  when  the  ulna  has  outgrown 
the  radius.  With  the  end  of  the  l>one  removed  reduction  may  be 
accomplished  and  recurrence  of  deformity  prevented  by  suturing 
the  soft  tissues.  In  recurn^nt  cases  it  may  be  possible  to  shorten 
the  lower  radio-ulnar  ligaments  or  their  tension  may  be  increased 
by  divi<ling  th(»  radius  about  two  inches  from  the  lower  end  and 
tipping  tile  low(»r  fragment  so  that  the  styloid  will  occupy  a  lower 
lev(»l. 

After-Treatment. — In  recent  forward  or  backward  luxations  the 
deform ity  does  not  tend  to  recur  and  hence  no  special  retentive 
apparatus  will  be  recpiired  aside  from  avoiding  extreme  supination 
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or  pronation  according  to  the  type  of  luxation.  Should  a  tend- 
ency to  recurrence  be  present  the  forearm  should  be  immobilized 
in  a  position  of  rotation  opposite  to  that  in  which  the  luxation 
occurred.  A  backward  dislocation  should  be  fixed  in  supination 
while  an  anterior  luxation  should  be  immobilized  in  pronation. 
Two  to  three  weeks  should  be  allowed  for  the  ligaments  to  heal. 
Following  operation  the  forearm  should  be  immobilized  for  two  or 
three  weeks,  or  even  longer  in  exceptional  cases.  If  the  condition 
is  compound  it  should  be  treated  according  to  the  principles  laid 
down  in  **The  Treatment  of  Compound  Fractures  and  Luxations/' 
on  page  789. 

Prognosis. — The  outlook  in  uncom[)licated  luxations  of  the  lower 
end  of  the  ulna  is  excellent  if  reduction  is  accomplished  early. 
Old  unreduced  cases  of  forward  or  backward  luxation  usually  show 
considerable  disturbance  in  function  especially  in  the  rotary  action 
of  the  forearm.  In  congenital  luxations  the  loss  of  function  is 
oft^n  surprisingly  slight,  consisting  for  the  most  part  in  loss  of 
complete  supination,  slight  weakness  of  the  wrist  and  of  early 
tiring  when  heavy  work  is  performed.  The  same  type  of  symptoms 
prevail  in  the  backward  subluxation  seen  in  children  as  a  result 
of  heavy  work  during  the  years  when  the  bones  are  soft.  The 
operations  recorded  have  been  few  but  the  results  are  encouraging. 


CHAPTER  XIX. 
FI^VCnM'HKS  OF  THE  LOWER  END  OF  THE  RADIUS. 

Surgical  Anatomy. — The  region  of  the  wrist  is  compact  and 
contains  numerous  tendons,  nerves  and  veSvSels  in  close  relation  with 
the  radius,  ulna  and  carpus.  The  normal  relations  of  these  struc- 
tures and  tlie  surface  landmarks  should  be  known  before  one  is 
(|uali(i(Ml  to  reeojrnize  and  fully  appreciate  the  deformities  aceom- 
])an.vinj?  fractures  of  the  lower  end  of  the  radius.  Variations 
within  normal  limits  are  common  in  the  lower  ends  of  the  radius 
and  ulna,  and  the  carpus  is  frequently  the  seat  of  pronounced 
unoiiuilit^s.  It  is  necessary,  therefore,  that  the  opposite  wrist  be 
i»xamin(»(l  carefully  before  determining  the  conditions  pi*esent  in 
th(»  injured  member.  The  styloid  process  of  the  radius  normally 
occupies  a  lower  level  than  the  ulnar  styloid.  Nearly  all  fractures 
of  the  lower  end  of  the  radius  are  accompanied  by  an  elevation  of 
the  radial  styloid:  this  condition  is  determined  by  comparing  the 
relative  levels  of  the  two  styloid  processes  as  shown  in  Fig.  376. 
The  uninjured  wi'ist  is  used  as  the  standard  of  comparison  in  as- 
certaiiiiiitr  1h<'  dislanee  the  radial  styloid  has  been  raised.  On  the 
antnior  surface  of  the  wrist  will  be  noted  two  eminences.  To  the 
radial  side  is  \\w  thenar  eminence;  the  upper  margin  of  which  is 
at  ii  slitjhtly  lower  level  than  the  corresponding  margin  of  the 
hypothenar  eininenee  which  is  situated  at  the  ulnar  side  of  the 
wrist.  When  the  out(»r  side  of  the  forearm  is  shortened  by  frac- 
tuic  of  the  i-jidius  the  thenar  eminence  is  raised  according  to  the 
extent  of  the  deformity.  The  outer  aspect  of  the  lower  end  of 
the  radius  is  the  only  ])ortion  of  the  bone  which  is  strictly  sub- 
eutaneous,  y(»t  the  lower  half  of  the  radius  may  be  palpated  with- 
out ditlieulty  sinee  tliere  is  little  else  than  tendons  interposed 
between   the  skin  and  the  bone. 

On  tlie  posterior  surface  of  the  lower  expanded  quadrilateral 
extn^niity  of  th<;  radius  are  a  inunlier  of  vertical  grooves  for  the 
aeeonnnodation  of  the  extensor  tendons  passing  from  the  fore- 
arm to  the  hand.     At  about   the  middle  of  this  surface  will  be 
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noted  a  [>romin**nt  ridue  whicli  forms  tile  outer  margin  of  the 
groove  for  the  pas.s«^'e  of  I  he  extensor  loiigus  pollieis.  Tlie  lendons 
of  the  extensor  ossis  metaeorpi  poHieis  end  extensor  brevis  pollicis 
pass  to  the  outer  side  of  the  radius,  obliquely  across  the  base  of 


\ 


Fig,  rjti. 


Kiif.   33U. 


Fiff.  3d  I. 


Pig,   826. — -Ttopacltfd   fmrtui-i*  «f  krwer  end   of   rtt<liu«».      Fni«tOP*J  of  ulti*r   Ki>ijuL 
Fif.  ^27.^ — Pronounced  inipAetion  of  lower  eud  of  rftdhis.     Fmelure  of  ulneir  «t)lakd 

Vif.  TAB.- — FmriQJTv  of  iilniir  »i4«  of  Inwur  rnti  of  r«diti&  slid  frseiure  of  ulnar 
vtjioid. 

Pig.  329* — ^Verticil  ftActttn*  of  tow*fr  end  of  radiuK  und  frai'turo  of  ulnar  styloid. 

Pif:.  !!t30.' — <^otiiminutian  of  Iomtct  imhI  of  rudiu^  nnd   fructur^  of  ulnar  st>lotd 

Vig,  331. — Exteti^iM-  ftplinioic  «ud  comminution  of  lower  t-iul  uf  radium  tind  frtn^- 
|]ir«  of  ntoftr  •tyloid 


the  styloid  process.  The  flexor  tendons,  radial  artery,  and  median 
nerve  pass  in  front  of  tlie  lower  end  of  the  bone.  The  rndial 
nerve  as  it  eourses  tlown  the  outer  side  of  the  forearm  a  nil  umh'r 
the  tendon  of  the  supinator  loni^us  is  sometimes  injiuvil  iuid  may 
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give   rist'   to   considerable   i>aiii   din-iii*:   the   after-treatment.     The 
inner  jisj^eet  of  thc^  lower  end  of  Ihe  radius  presents  the  ** sigmoid 


Fie.   332. 


Fig.  3ua 


Fig.  334. 


Flgi,    332.    83a    And    334. — Thrre  «ood   ^ituinpleti   of    Rever»iHl   Colks*    fracture.     Th*» 
"irird9Ti4!i''B  Hpnde"   defrtrmily    i*   presiviit   jfiat^^ad   of   the   "siK'ei--fork"    deformity* 


Fit;.  3:jr», 


Vig.  :i;ui. 


figK   335    nnd   :^lia. — Aiitero-rx>8terkir    and   laternl   views  of    h  frtictuire  of   the  lower 
«»nd    of   ihe   rMilins   jircKluced   by    on    ^'jintQ  kick," 

eavity  of  the  rhiliiLs"  for  iirtieidiitiou  with  the  head  of  the  uma; 
jiist  beneath  the  knver  niart^in  of  this  surface  is  attaebed  the  base 
of  the  triitn^idar  lihro-eartila^n^  which  hindj*  the  radium  and  ulna 
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together.  With  the  forearm  seiiiiproimted  tlie  ulnar  styloid  may 
be  palpated  as*  a  proniiiieiiee  of  bone  whieh  is  eoutiiiiioos  with  the 
post«?rior  siiboutaneons  hordtr  of  the  ulna.  Tlie  tip  of  the  iiro«'ess 
is  on  a  level  with  the  artii'ulatiou  of  the  wrist.  When  the  forearm 
is  carried  into  eooiplete  pronation  the  ninar  bead,  instead  of  the 
styloid  process,  presents  beneath  the  skin.  The  inferior  surface 
of  the  lower  end  of  the  radius  arlieulates  with  the  uppi-r  row  of 
carpal  bones  and  looks  downward  and  slightly  forward. 

The  internal  structure  of  the  lower  end  of  tlie  railius  shotdd  be 
studied   to   fully   appreeiate   the   niechanisui   of    fnietures   nf   this 


I 


Fir   33  T, 


Fig.   338, 


Fiff.   339. 


Fifs.  £137,  3ttB  and  839. — THnse  viewi  of  ft  trmntversA  Collei*  fmciure  with  imp»ctiaa 
«f  Um  prosiinal  fragineaT   into  th^  cmicelloiu  ti&sue  of  the  dUtal  fra^nieDt 

region,  A  short  distance  above  the  lower  end  of  the  bone  the  sur- 
face layer  of  compact  tissue  chan^'es  rajddly  into  the  heavy  tube 
of  com  pact  bone  which  forms  the  shaft  of  \Ue  radius,  and  it  ia 
here  that  fracture  most  often  occurs.  It  is  not  unconnriou  to  find 
the  end  of  the  upper  fra^'iueiil  driven  into  the  lower  fragment, 
which  means  a  more  or  less  extensive  crushing  and  eomminutiou  of 
the  cancellous  tissue  in  the  lower  end  of  tlie  radius,  and  aecotmts  to 
some  extent  for  the  tendency  to  recurrence  of  ileformity  following 
retluetion.  Thus,  when  the  lower  fragment  is  pulled  hack  into 
position  following  impaction,  there  is  a  wedge-shaped  space  in  the 
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lower  fragmt^iit  rorrespotiding  to  the  cruslied  eaiieellom  tissue,  and 
unless  the  layer  of  compact  bone  on  Ifie  jiosteriof  nspcet  of  the 
lowi*r  fragment  is  firmly  eii^'iit^H'd  the  iJefonaity  will  n-luni  wIr^d 
the  I  tarts  are  released.  A  eonsiileratioii  of  the  internal  struelnre 
of  the  lower  end  of  tlie  radius  as  shown  in  Figs.  26S  and  384 
will  explain  this  tendi^ney  to  reenrrenee  of  deformity,  and  the 
neeessity  for  overeorreeting  the  displaeeinent  so  tliat  the  dorsal 
layer  of  eunipaet  tissue  may  properly  engage  the  ujiper  fragment. 


Fractures  in  this  n/iriou  of  the  skch^tnu  sliow  eonsidrrnblu  varia- 
tion, but  the  overwhelming  nistjririty  eori'es[Njnds,  mure  or  Irss 
elosely  to  the  type  ilt^serih<*d  hy  Colles,  His  orii^inal  ileseription 
in  1814  was  of  a  frai^tnre  one  and  n  half  inclii:s  above  tlie  artieular 
surfaer,  but  suhse(|neiit  expi'rienee  has  shown  that  the  usual  break 
is  within  three-fonrtlis  of  nn  ineh  of  the  lower  end  of  the  bone. 
At  the  juvsent  time,  therefore,  CoUes'  mmie  is  used  to  indicate 
a  eondition  slitrhtly  (iill'erent  from  \hc  one  orit^dnally  deseribed  hy 
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him.     The  typical  Colitis'  fracture  is  transverse  or  oblique,  does 
not  enter  the  artitnilnr  stirfaee  anJ  is  aeeoininniieil  by  a  backward 


rtf.  a4i 


Fir  a«2. 


341    snd    342. —  l»«tcrMt    Miid    miiUto  |Mi»tfrior    vicvrii   of    Cutlfti"    frAclurd   wilh 
JEM  defoitnity.     Xul«  fmcturv  of  ulimr  ^lyluid. 


Pifit  343.— K^atli^a'  frnrrur«<   u  iMi  mmminQtion  uf  (he  dinltil  ffAitinvnt 

displace  me  lit  of  the  lower  tVat'iueiit.  This  backward  displaceiiient 
of  the  distal  fragment  produees  the  typical  **silvcr'fork**  deformity 
which  ig  80  eharact eristic  of  Codes*  fracture  isee  Figs.  354  to  367). 


FiK,  :ni 


Fig.  ;u:>. 


Fi(Cs,  {J44  nrid  545. — Antero-iJtni(i«rior  and  Lnternl  viow**  of  trnui^versf  CoIl<?«*  fractiar* 
with  imjictciiuD  of  uppt»r  fraipiieiU  into  iower,  afier  nttumpi  iil  rpdurtiou.  S&nie  com  m 
Hhciwn  in   Fig.  355, 


a  17 


Fiits.  340  tind  347. — .\nlwo-puwleri»>r  niid  lutcral  viewn  of  oblique  Colles'  fracture 
after  reduction.  8ani«  rnaw  ha  toiown  in  Vi^n.  3i\ti  aiid  967  l>flfo^<^  reduction.  Kote 
obliquity  of  piftnc  of  frai':ture  and  iibsenc-e  of  rru»bing  of  cuncellouft  tisJtue  hy  impaction. 
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The  nature  of  the  deforuiity  varies  somewhat  with  tlie  Hue  of  frac- 
ture (sw  '^Symptoins/'  jiajj^e  252)- 

The  usual   ('Ollrs'  frii<*tuiv  is  the  re^tnU  of  a  fall  on   the  tmi- 
stMfhed  hand.     If  the  fall  \s  sustaiurd  ou  tlir  pubu  of  the  hand. 


i^.   348.  ri(f»   849, 

;  10, — Anlcro-puiitvrior  unci  lat^rul  %^ipWB  of  BeparatioD  of  lowvr  rndid) 
I  by  fracturo  of  the  end  of  tht)  dmpUyaii.  finme  cai«  aa  kliuwn  In 
iTO, 

tta  is  UMittlf  the  distal  fragment  is  disjTlaced  baekward  aud  tlie 
typical  CoUes'  fraeture  is  the  result.  If  impMetion  is  present 
it  ig  the  cancellous  tissue  near  tlie  posterior  surface  of  tlie  lower 
fraLMnrnt   which  sufifers  mo^t.     In  rare  instances  the  distal  frag- 


Fitf.    '^'f^K 


Fig.   351. 


Fi^K.    ;iriM    (inil   aJVl— AnUTo  posienor   mid    liitfritl    viewK   of  epiph^s't^iiJ    »Hpar»tiuii 
lowtT  n'nd  nf   radios  rmniilirait'il   liy   frttituri-  of  the  luwiT  end  »>[   iHe  diapliy«i&.      Drfori 


Vis.  :i:> 


F\g.  359. 


Figs.  352  and  3ri3. — AntiTt*  inMiTiur  iind  lateral  view*  of  ■epttrAtion  of  tli*  low 
rsdinl  epi[>h)Hih  iiftiT  r^diution.  KoLf  rhi»  romjiliiuiitig  frtuHurcM  uf  l>i)th  e]]lpli>!si«  ^i 
diiipkyftU. 
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ment  may  be  displaced  ventrally  and  the  condition  is  then  spolvon 
of  as  a  ** reversed  CoUes'  fracture/'  This  type  of  deformity  is 
usually  produced  when  the  causative  trauma  is  received  on  the 
dorsal  aspect  of  the  hand  with  the  wrist  in  flexion.  Examples  of 
reversed  CoUes'  fracture  are  shown  in  Figs.  832  to  334. 

An  oblique  fracture  passing  from  the  posterior  surface  of  the 
lower  end  of  the  radius  into  the  articuhir  surface,  with  dorsal  dis- 
placement of  the  fragment,  is  known  as  Barton's  fracture.  Wlien 
the  break  enters  the  articular  surface  from  the  anterior  aspect  of 
the  lower  end  of  the  radius,  with  ventral  displacement  of  the  frag- 
ment, the  condition  is  spoken  of  as  a  ''reversed  Barton's  fracture." 
This  terminology  is  rather  unfortunate  since  these  two  conditions 
are  in  reality  luxations  of  the  wrist  complicated  by  fracture  of 
the  lower  end  of  the  radius.  Thus  Barton's  fracture  is  a  backward 
luxation  with  fracture  of  the  posterior  lip  of  the  radius,  while 
reversed  Barton's  fracture  is  an  anterior  luxation  with  fra(*ture  of 
the  anterior  lip  of  the  radius.  The  mechanism  of  Barton's  frac- 
ture and  reversed  Barton's  fracture  is  similar  to  that  obtaining  in 
Colles'  fracture  and  its  reversed  form. 

Atypical  fractures  of  the  lower  end  of  the  radius  show  con- 
siderable variation:  the  styloid  process  may  be  broken  off,  a  ver- 
tical fracture  may  pass  from  the  shaft  into  the  articular  surface, 
oblique  fractures  may  pass  from  either  the  inner  or  outer  aspect 
of  the  bone  into  the  articular  surface,  the  distal  fragment  of  a 
Colics'  fracture  may  be  broken  into  two  or  more  pieces  or  may  be 
extensively  comminuted,  and  the  same  condition  sometimes  exists 
in  a  separated  epiphysis,  and  finally  the  lower  end  of  the  bone  may 
be  so  extensively  comminuted  that  it  does  not  resemble  any  of  the 
above  described  fractures.  In  some  rare  instances  the  upper 
row  of  carpal  bones  have  been  driven  upward  through  the  articular 
surface  of  the  radius  so  that  they  rested  partially  within  the  can- 
cellous tissue  of  the  lawer  end  of  the  bone.  In  many  of  these 
atypical  fractures  the  degree  and  nature  of  the  defoiniity  depend 
largely  on  the  severity  and  direction  of  the  causative  trauma. 

The  lower  epiphysis  of  the  radius  is  ossified  by  a  single  center 
which  makes  its  appearance  about  the  end  of  the  second  year.  The 
epiphyseal  cartilage  is  obliterated  during  the  twentieth  year.  The 
causes  of  epiphyseal  sei)arations  arc  similar  to  those  producing 
Colles'  fracture,  and  the  d(»formity  usually  consists  in  a  backward 
displacement  of  the  lower  fragment.     It  is  not  unconunon  to  find 
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epiphyseal  sejiarHtioii^s  of  tin*  lower  t^nd  of  the  radius  eamplieateil 
by  fraeture ;  e\\-atriples  of  this  condition  are  shown  in  Figs.  348 
to  :l5;i 

Symptoms. — The  patit*iit  almost  invariably  gives  a  history  of 
havhiL^  follon  on  the  outstretehed  hand.  Thp  injury  is  followed 
iniint'diately  by  se%vre  pain  and  loss  of  fnn**tion,  aiul  the  suflferer 


iMg.  :<^4. — 'l>|iii'al  V  l^^lllJ^'  frHrluri-  i\  few  niinutcii  f»41owifsi;  ilir  j«'«ultrtit.  l:'raciur<p 
irwjisvi'i'Hf  niiil  impjirMiiri  prex^nt,  rofnjjnr**  this*  di-formSly  with  Ihe  oOn'r  Colleii'  frac- 
tiireit  i»hi]'t%ii   ilk   ihin  *'h:i]\**v   nu.i   wtlti  iLe  biK'kMard  diisliioitiun  phown   in   Fi^.   374^. 


Fiif.   355, — 'Simiplf   rolW    fracture  the  result  of  a  fflll 
A  attort  (im*  following  tlw  accidrnt.      Appenranc©  typie*L 


|]i»'   hiind.      Picluns  taken 


presents  himself  for  treatment  and  relief.  The  attitnde  is  ni^sually 
eharaeteristir.  lie  stands  with  the  sbonlders  slit!:htly  forward  and 
the  forearms  lield  horizontally  aeross  the  body.  The  injnn^  mem- 
ber is  supported  by  the  opposite  hand  and  there  is  considerable 
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ng,   ai50.      Ad   exftinple  of   (he   rnd<rii1   iliAplAt-rieioht   of  ihe  tlipriil   fra«rni(»ni  Bometiniea 
»«rj   in  CciUe*'   fr«rUire.      N«te  liyw   (he  wboh^  btind   ih  dinphirfd  lo   (ho   riidinJ   side. 


Fig.   357. 


Fi|f.   35S, 

F\|f».  357  flud  HoH. — Trnii?iVe'i  ,r.  iinpnited  Cttllt't^'  fnn'd.rc  a  /rw  mmiHri.  foltowinK 
on  h»nil  Thi»^  is  tht*  tyjn*  of  tiffitnrniy  iUuKtrulod  in  B,  Fiff.  38  L  Compare  thin 
Willi  ihc-  (J<«iformitv  nct'onittHnyiiiit  na  ohtititir  ToH***'  fr(ictiirt>  iks  nhown  in  Figs,  'Ififi 
Villi  a#J7  Anjirular  clemnuVty  is  hi-rp  {trrsifnt  «»  h  i<i»nult  of  the  impaction,  *nd  tbi>  cllrec 
tioQ  In  which  the  »rticu1nr  tiirfncv  of  ihr  rndius  lookn  hai  bi^cn  chKngvd,  Nol?  the 
pronitivncft  on  ihi  vtntral  und  ulrmr  tidt*  of  thtr  wriit  produced  liy  the  dispUctd  head  of 
tlt«    ulna 


r^M»^v»k*e^ 


ayarKt  wrtsi  be  dis- 

prompt   and 

immediate  ly 

extent  masked. 


'  m1  a|   duwnwiird    and   flli^htly 
vrfart^  o/    th»>    wTf*i    whirh    is 


,    mjurjr,      Framitirnre 


M  nile,  complete,  and 

for  the  patient  to 

the  pain  is  usnally 

of  CoUes*  fraC' 
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Fig.   3G3. 

Fijg».    3«2    and    363. — Rjktttjil    ntidi    ulnar   view*   of    rec<?fit   Ci>llieii*    fracture.      Line   ot 
frsrture  a  Mltle  hi|ch*<r  lluin    iinuaI  •ml   dnrsiil!   r1i<kplHreuii<ni  proununced. 


Fiff.  30S. 


'«»t4    nnd    JtrtS — Rudiiit    iind   «1njir   rit'WB   of    rttUfi**    frwrlurp    itt    <il(i    wouHin    ■ 
tlowinjt  fh«*  ircidfnC.      AniruUr  dof^rTHity  nml  imnnrtmn  pr«»M'tii       Mnd<*rme 
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broken  up.  In  more  than  half  of  the  cases  of  Colles'  fracture  the 
condition  is  complicated  by  rupture  of  the  triangular  fibro-carti- 
lage  or  an  equivalent  avulsion  of  its  ulnar  attachment  so  that  the 
head  of  the  ulna  and  the  lower  radial  fragment  are  separated  and 
the  wrist  broadened.  Fracture  of  the  ulnar  styloid,  so  commonly 
seen  in  Rontgenograms  of  Colles'  fracture,  is  an  evidence  of  the 
action  of  this  ligament.  The  lower  end  of  the  ulna  is,  as  a  rule, 
displaced  forward  as  well  as  inward,  and  the  absence  of  the 
prominent  ulnar  head  from  the  dorsum  of  the  wrist  is  notice- 
able. 

In  the  usual  Colles'  fracture  the  hand  is  inclined  slightly  to 
the  radial  side  and  the  base  of  the  thenar  eminence  is  higher  than 
normal.  This  radial  displacement  is  sometimes  pronounced,  as 
shown  in  Pigs.  356  and  364. 

In  fractures  showing  extensive  comminution  of  the  lower  end  of 
the  radius  the  deformity  is  often  not  characteristic  and  the  condi- 
tion may  be  compound.  When  the  fracture  is  produced  by  an 
auto-crank  kick  the  displacement  is  often  slight  and  the  break  is 
usually  transverse.  A  Colics'  fracture  without  deformity  is  some- 
times seen,  though  the  condition  is  extremely  rare.  Even  when 
the  deformity  is  slight,  it  is,  as  a  rule,  characteristic.  In  oblique 
Colles'  fractures  the  ventral  deformity  is  more  })ronounced  and 
lower  than  in  the  transverse  type.  When  the  break  is  oblique  the 
plane  of  the  fracture  is  usually  similar  to  that  shown  in  Fig.  347, 
and  the  deformity  is  somewhat  different  from  that  seen  in  trans- 
verse Colics'  fracture.  In  obli([ue  Colics'  fractures  impaction,  m 
crushing  of  cancellous  tissue  and  comminution  are  rarely  present, 
jind  the  rotary  and  angular  elements  in  the  deformity  previously 
described  are  slight  or  absent.  The  lower  fragment  is  displaced 
backward  and  slightly  upward,  but  the  axes  of  the  two  fragments 
are  parallel,  or  nearly  so,  and  the  direction  in  which  the  articular 
surface  looks  remains  unchanged. 

In  Barton's  fracture  the  deformity  is  slightly  lower  and  more  \» 
abrupt  than  in  the  typical  Colics'  fracture.  The  position  of  the 
radial  styloid  remains  unchanged  and  the  wrist  is  not  broadened. 
Crepitus  is  elicited  during  reduction  and  it  will  usually  be  pos- 
sible to  determine  that  the  lower  fragment  includes  only  a  small 
portion  of  the  lower  end  and  posterior  aspect  of  the  radius.  In 
the  reversed  type  of  Barton's  fracture  the  carpus  is  displaced  for- 
ward instead  of  backward,  and  the  radial  styloid   and  posterior 
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J-ijc,  all. 


Kjk.  :UJi. 


Fiffn.  344  and  :t4.'i — Aniorn-piMtlcrinr  ahiI  liitoriil  view*  of  1i'*»n«ve'n.w  CoIl««*  frtHurr 
with  impactioti  of  iippi»r  rrll|^It^^l  inio  tow<pr.  arier  mteiiitil  iil  ttfiluctlori.  Bttm«  caic  bji 
ftbown  in  Fig.  85&. 


i-iif.  il**l. 


I'tr   iJlT, 


Flgt.  a««  »nd  B47. — Ant«troiKiii|<>rior  Hiid  liiltrftl  vi«wii  of  olilifju^  OoHm*  frncturf 
miiwT  riKltirticin,  B»tft*  cnae  m  ithuwu  iu  Fiifs.  3flti  And  n<}7  Iwforo  r^duetion.  Kol# 
obltqulty  of  plHne  of  Irciciure  mid  nlweuctt  of  crushing  of  oi^octtUoua  liMiuo  by  impActioii. 
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The  nature  of  tlie  deforuiity  varies  somewhat  with  the  line  of  frac- 
ture (8«^:  *'Syinpt(nns.''  jm^o  252). 

Tfie  usiml   OoHes'   frueture  18  tlie  result  of  a   fall  on    tlk*  oiil- 
stpetehed  hand.     If  the  fall  is  sustained  on  tlie  ]mhn  of  tlie  liarid. 


CpipttfCM   > 


lii;,   ::4  8 


i'>- — A ni«ro  posterior  mnd  lateral  views  of  ^eparJiUon  of  lower  mdial 
by  irnciure  of  ili«  and  of  the  diAphy»U.     Same  caa«  m  abown  in 


as  is  usualf  the  distal  fragment  is  displaced  backward  and  the 
typical  CoUes*  fracture  is  the  result.  If  impaction  is  present 
it  is  the  caneellous  tissue  near  the  posterior  surface  of  the  lower 
fragment  which  suffei's  most.     In  rare  instances  the  distal   frag- 
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Pljcn*    Ii5»»   *nd   JJ5J, — AiilrrivjHJKtt'rirtr   unci    lutt*riil   Tif<W4  of  «<|»phv»«<ia   iiP(»MriitJim 
lnwf«r  ptid  <ir  rii<likii)i  romiiliculod  hy  fraLtiirc  of  Ilu>  lowc>*  fiid  uf  ihi'  kii)iv«liv«ii..      l>ffori 


¥*ign,   352    »n<l    353.— Antoro-piHileruir   Mitd   taU^rnl    vkwi   nt   Me|>iiriititin   of   th»i    town 
mdinl   r}^>Jid()i»JK   lifter    rt-duttJoii.      Hole-   ibr   ('(itntilitulitig   friictiirrM   c»f   b«th   i«|ii|>h>itft    mid 
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^ 


Fiff.   873. — Kadini    view    of   r^orni    rnn<?«'    frneture. 


Kit     H7r*, — Ventral    virw    of    nam.*}    cnt^v.      Xnlc    pnuniirvrnrr'    of    ulnnr    lieml    nnd    <ll* 
pli<'«iii<tiil  ikf  hiinil  lo  radint  Kidf. 


Kitf     ;i7ii  - -( 'imi|niT  ins,-    ihr    lrv^l^    nf    ilu-    two    jitylniils       T\\e    j-;nlhil    Rtylnjd    U    raited 
Ulouiti   tt*  tip  ift  »>UU  ut  A  lower   level  tli^ii   tlit>  Ult  nf  liu'   uLiiur  »)>luid. 


Fif.  3T7> — SniiK*    roiniJ*nlfcf<n    teen    from    the    dnrnii]    ttcpert    of    f«ri»nrm 
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epiphyseal  sef^arations  of  thi^  lower  end  of  the  radius  eoinplieated 
hy  fnieture:  oxaniples  of  this  fywdition  are  shown  in  Figs.  34S 
to  353. 

SymptomSp — The  patient  almost  irivariahly  gives  a  history  of 
havin-r  fallen  on  the  ontstretehed  hand.  The  injury  is  followed 
iminediately  hy  severe  pain  am!  h>ss  of  fniietioii,  and  the  sufferer 


r  tg.  a54. —  l>'pirul  IiiIJi'k'  fnu'nirt<  ii  few  mmutt-s.  followiji^  ihv  acciileut.  Fr*cluri» 
rriirisvpr«n  fimd  iiii^niOoii  pre*i'Hl.  roriipMre  this  deff»riiiUy  with  the  M\wr  CoUes'  fmc- 
tureft  shown   in  this  rhnj  hn-   ntul   with  lh«?  Imrkwnrd  dinhicutmti   ^hown  in    Fit:.   37i^. 


Fig.   355. ^Simple  OoIUjh'   f  rat  turn   thit  rusiiU  of  a   fftU  on  the  hand.     Picttire   Uken 
A  thort  time  following  ihu  nctident.      Ai>p(-arrj.ncf*  typical 

presents  liiniself  for  treatment  and  relief.  The  attitude  is  usually 
eharaeteristie.  lie  stands  with  the  shoulders  slightly  forward  ami 
the  forearms  held  horizontally  across  the  hody.  The  injurtxl  ineni- 
her  is  supported  hy  the  opposite  hand  and  there  is  considerable 
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ri« 


356. 


An  e»i»mpl*»  of  the  rariiai  di*t>Iart»Tn(»nt  of  «hc   dU(»l   frA^ment  tometimet 
fri*4'ttur         N4H1'    liow    On     who)*"    hum]    m   ditinlm-fd    itt    Ihi*    rmlinl    Ride. 


Pir   357, 


Ptgiv  35t  mid  ^Tri. — Trf»n*i'«»i 'M*  iinp»<^trd  CoUm*  fracture  a  few  minutes  following 
|»U  00  huitl  TI»is  ti^  III*"  txn-  ••f  »li  fonnity  iUuf»tr»t<«d  in  iJ.,  Fig.  381.  Cotopftrt*  thU 
rmse  with  tlj#*  d**fnrimitv  ;icrtniij>"uyiiif  nn  oNi<iiic  </'ollo*'  frncture  fl£  shown  in  Fibs,  306 
And  367.  4u£uUr  dj'-fornutj  i-,  Iwif  [>ri<*i'Bi  a^.  n  riyiulf  of  the  impaetion.  and  the  diree- 
liou  in  whieh  ihv  Articuliiir  aiirfnce  of  the  radius  lookf  has  b«en  <;hi»n9ed.  Note  the 
fkrominence  on  the  Tentral  %nd  ulnar  itde  of  the  writt  produced  by  the  ditplaeed  ht»d  of 
the  tUtift. 
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anxiety  in  both  attitiirlt*  aiul  \:nit  k'st  i\w  iiijuiTd  wrist  he  i\h- 
turbt**K  The  onset  of  svvflliiiir  Mlunit  tfio  wrist  is  pruiniit  a  ml 
sohii'tinit's  (H'onoHuct^il,  jjikI,  iiiih^ss  tho  case  is  sri«ii  imnnHliately 
fnllowin<r  the  neeifh^nt,   the  dpforniitv   is  to  some  exteiit  masked. 


Fip.  '^59. — 'l*hot*>gniph  of  n  recent  CollieM'  frnrturp  showing;  thi?  rhanE'*^  in  Ihi*  run 
lour  i>/  (hi-  wriHi  rt*Hu1ii)iiK  from  the  fiis.pl»fe»npnt  of  ttue  diNlul  frainnenL  Tht?  artirular 
■urfaf'e  of  the  radniK  looks  downwitrd  eind.  hnrkw&rd  in^tendl  <*t  downwurd  und  A]j<|icht]y 
forwurd  nn  H  nttrnuil,  Note  thn  furve  on  the  anterior  surface  of  the  irri*t  which  i» 
limft  iihiirp  than  i^  M-en  in  ii   normnl  wrist   in  thm  pi>Kiiioii, 


r\«.    101 


Figs.   3t}U    and    JtiL— Ctillen'   frftrtur<*   «    f**w    mJinileM<   folhiwini^    injury,      Promin«'Ticf' 
on  v^ntrttl  eurfnr^e  of  fo>rc>iirtn  is  dlu«^  to  distt'ntton  of  tbi«  flir>3ior  tmdmi  sfat«nths. 

Loss  of  function  in  the  hand  and  wrist  is,  as  h  rnh\  complete,  and 
even  in  instant-en  in  whif*li  it  mijrht  he  possible  for  the  patient  to 
perform  some  aets  witfi  the  injnred  memlier  tlie  pain  is  usually 
severe  enough  to  inhibit  all  function. 

The  usual  silver-fork  deformity  is  characteristic  of  Colles*  frac- 


Fig.   368. 

rijc«.    902    mid    363.^ — RAclial    nnd    ulnnr    vti^wM   of   rec4*i)t   Cotk*ft'    fracture.      T.ine    of 
frnrturrt  a  Utile  hiyhi^  thttri   UAiial   and  tlomat  disiiluc^ment   promouiic^- 


Vis,  ac6. 


1*1  -..      <fi4    Attfl    i^«5  — (tfidinl    Hftd    nlnar    rirwn   nf   CoUm'    fruriiin*    in    «>kl    woman    a 
fm  'Itiwinif  tbt'  Mi-ulf-nl.      \ngiilnr  doforruHy  amd  »iin>»r1lon  pr^'Hi^nt       Modrmtr 

4i»v  '    lo^rr    firtKU'otvt.      Xol«*   pruti;iUfriH-«    i>f    ulinir    lioitd    and    dinplncriiK'nl    uf 


-^ 
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tnre  and  oan  l>est  he  apprecijdod  by  a  atiuly  of  the  accompanying 
photo(.n'aplis.  No  anioiuit  of  text  will  eonvey  an  idea  of  the  nature 
of  this  deformity  as  readily  as  these  illustrations.  The  radial  sty- 
loid is  usually  raised  above  its  naniial  level,  thonf]:li  in  man}"  in- 
8tani*es  the  disjdaeemunt  is  not  marked  eiioiis[h  to  bring  the  tip 
of  the  process  ahove  the  h*ve!  of  the  end  of  the  ulnar  styloid. 
(See  Fi^s,  37*)  and  ^377.)      In   a  trariHwrse  (  olles'   frai*tiire   with 


Fipc-  366. 


Fig.    ;i67. 

F*igs.  36fi  and  36T. — Oblfqucf  Colles'  fracture  a  tvw  mmuteii  folUiwins  injury. 
Fort'ftrm  uonw-what  j'eM^mblwi  fructurn  nf  both  taonpH  of  the  forr-arrii  though  pulpation 
discllo»««  ftn  intitrt  ulna.  Tli<*  oMiituUy  of  the  frjicturi?  in  nhown  hy  the  dpformitj'. 
Kol4«  how  low  nnd  prdno^urM  rtl  th(>  ont(*rtor  deformity  if-  hh  compared  with  t1ie>  dorsal 
rtutllne.  c?onipftr('  thirt  tle-formity  with  Ihe  c«aeH  of  trjiusverjie  CoUe«'  fracture  previously 
shown  And  picamini*  thn  n<ronipanyiiije  Rrmtgenoffram*.  X-ray  of  thin  ca»e  »  showD  in 
Fifi.  846  and  n-17. 


impaction  there  is  tcenerally  rotation  and  angular  deformity  as 
well  as  backward  displacement  of  the  lower  fratzment.  Under 
these  eirenmstanees  it  will  he  noted  that  the  radial  side  of  the 
wrist  is  displaced  further  backward  than  the  ulnar  side,  and  that 
the  axis  of  the  lower  fragment  is  not  parallel  with  the  axis  of  the 
shaft.  Oepilus  is  easily  detected  in  niiimpacted  castas.  In  im- 
pacted  cases  crepitus  will  be  absent  until  the  impaction  has  been 
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broken  up.  In  more  than  half  of  the  cases  of  Colles*  fracture  the 
condition  is  complicated  by  rupture  of  the  triangular  fibro-carti- 
lage  or  an  equivalent  avulsion  of  its  ulnar  attachment  so  that  the 
head  of  the  ulna  and  the  lower  radial  fragment  are  separated  and 
the  wrist  broadened.  Fracture  of  the  ulnar  styloid,  so  commonly 
seen  in  Rontgenograms  of  CoUes'  fracture,  is  an  evidence  of  the 
action  of  this  ligament.  The  lower  end  of  the  ulna  is,  as  a  rule, 
displaced  forward  as  well  as  inward,  and  the  absence  of  the 
prominent  ulnar  head  from  the  dorsum  of  the  wrist  is  notice- 
able. 

In  the  usual  Colles'  fracture  the  hand  is  inclined  slightly  to 
the  radial  side  and  the  base  of  the  thenar  eminence  is  higher  than 
normal.  This  radial  displacement  is  sometimes  pronounced,  as 
shown  in  Figs.  356  and  364. 

In  fractures  showing  extensive  comminution  of  the  lower  end  of 
the  radius  the  deformity  is  often  not  characteristic  and  the  condi- 
tion may  be  compound.  When  the  fracture  is  produced  by  an 
auto-crank  kick  the  displacement  is  often  slight  and  the  break  is 
usually  transverse.  A  Colles'  fracture  without  deformity  is  some- 
times seen,  though  the  condition  is  extremely  rare.  Even  when 
the  deformity  is  slight,  it  is,  as  a  rule,  characteristic.  In  oblique 
Colles'  fractures  the  ventral  deformity  is  more  pronounced  and 
lower  than  in  the  transverse  type.  When  the  break  is  oblique  the 
plane  of  the  fracture  is  usually  similar  to  that  shown  in  Fig.  347, 
and  the  deformity  is  somewhat  different  from  that  seen  in  trans- 
verse CoUes'  fracture.  In  oblique  Colics'  fractures  impaction,  »i 
crushing  of  cancellous  tissue  and  comminution  nre  rarely  present, 
and  the  rotary  and  angular  elements  in  the  deformity  previously 
described  are  slight  or  absent.  The  lower  fragment  is  displaced 
backward  and  slightly  upward,  but  the  axes  of  the  two  fragments 
are  parallel,  or  nearly  so,  and  the  direction  in  which  the  articular 
surface  looks  remains  unchanged. 

In  Barton's  fracture  the  deformity  is  slightly  lower  and  more  \» 
abmpt  than  in  the  typical  Colics'  fracture.  The  position  of  the 
radial  styloid  remains  unchanged  and  the  wrist  is  not  broadened. 
Crepitus  is  elicited  during  reduction  and  it  will  usually  be  pos- 
sible to  determine  that  the  lower  fragment  includes  only  a  small 
portion  of  the  lower  end  and  posterior  aspect  of  the  radius.  In 
the  reversed  type  of  Barton's  fracture  the  carpus  is  displaced  for- 
ward instead  of  backward,  and  the  radial  styloid  and  posterior 
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fl)^[)i'c'f  ijf  tlie  lowi^r  <^xtreinity  of  the  bont'  are  found  to  he  intact 
ai)(i  tJiHluly  pronnnrTit  ^yhvu  palpated. 

Thv  s\\n\i\tnHH  of  atypieal  fractures  of  rlie  Iowit  cud  of  th*^ 
rncHuK  vsiry  witli  I  lie  position  of  the  frai'tun'  and  the  dirrction  of 
tlir  ilis|»hin'irN»iit.  Vertical  fraetures  of  tiio  lower  end  of  this 
hfinr  ai'e  not  atTonipauied  hy  silver- fork  deforniity  though  they 
are  aluKwt  invariably  prodiirlive  ol"  eousidri;al»le  hrtKult'iun^  of  the 
wrist.  An  ohlii|Ue  fnieture  paKsiu^  from  1h*^  iuner  horder  of  the 
I  niM>  tu  till*  articular  surfine  is  oflt-n  u'^'ti'  liillieiill  to  recognize 
witlionl  tlir  aid  of  tl»e  X-ray.     An  rxamph-  of  tins  typv  of  fracture 


(    -  iind  309. — Two  view-^  of  an  old  ppiphyaeal  M)>Ar«tiun  rompliefiled  by  fr«r- 

txir^  of  Ui**  pa>it»»rior  ftHitcrl  nf  tht*  dinphysiR.  X-r»>'  i>f  lhi»  rnw*  shown  m  FipR,  848  »nd 
341?.  Not**  tlif*  low  vrntrni  deformity  caut^ed  by  the  low**r  **nd  of  tlit>  upptT  frAtftuent 
itnd  the  Ul^rstl  prominence  of  ibp  Jowpr  «?nd  of  the  ulna.  r>pft»rmity  re8emble«  Barton's 
ffaclure.      Crhc*  fUrst   iHH>!n   hy   ntithor   ^ix   wei>llCH   foUowinit;    urrideiit. 


is  showu  iu  Fiji.  321?.  Tn  !«ievere  rrusbincr  iujiirira  of  the  lower  end 
of  the  radius  Ihe  r-onditiou  iiny  he  flail  like  and  (|uite  apparent  on 
the  most  sup«  rlicial  exauuuation. 

The  defornuty  acemnpanyin^  epii>hyseal  separations  is  similar 
to  that  seen  iu  the  ordinary  Colics*  fraeture.  It  is,  however, 
slightly  lower  and  uiore  abrupt  in  outline  aiul  uot  aeeonipauied 
by  true  crepitus  unless  complicated  by  fraetiiri\  Epiphyseal  sep- 
arations arc  often  eornjilieated  hy  frat-ture  as  shown  iu  P^igs.  *M8 
to  353,  When  the  posterior  as|>eet  of  the  diaphysis  is  broken  off 
and  displaced  with  the  epiphysis  the  deformity  closely  resembles 
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that  seen  in  obliijuo  ColWs*  fnu'tiirr.  Tiir  dorsal  dt*foniuty  is 
slight  while  the  ventral  rlel'oniiity  is  pronouneml  ami  low.  The 
cleforiuity  aeeominuiyin^^  an  tiuconi[>liL'ate(i  epiphyseal  separation 
is  shown  in  Fig,  371. 
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Diagnosis. — Colics'  fraotiire  is  the  most  common  break  occurring 
in  tlie  lower  end  of  the  radius  and  the  symptoms  are,  as  a  rule, 
so  characteristic  that  there  should  be  little  difficulty  in  recognizing 
the  injury.  The  histor>^  of  the  case,  the  typical  silver-fork  de- 
formity, the  elevation  of  the  radial  styloid,  and  the  broadening  of 
the  wrist  are  symptoms  which  should  be  recognized  at  a  glance.  In 
typical  cases  the  diagnosis  of  CoUes'  fracture  is  established  with- 
out difficulty  but  the  exact  nature  and  position  of  the  break  and  the 
presence  of  complicating  fractures  of  the  lower  end  of  the  ulna  or 
of  the  carpus  are  often  learned  only  when  the  wrist  is  submitted 
to  the  X-ray.  Many  of  the  salient  features  of  the  fracture  may 
be  determined  by  the  nature  of  the  deformity  (see  **  Symptoms, ' ' 
page  252),  and  the  surgeon  should  gather  these  data  during  the 
examination.  Prompt  reduction  is  indicated  and  it  is  seldom 
advisable  to  await  the  returns  of  an  X-ray  examination  before 
correcting  the  displacement.  It  is  apparent,  therefore,  that  no 
detail  in  the  physical  examination  should  be  slighted  which  will 
aid  in  disclosing  the  nature  of  the  fracture  or  the  character  of 
the  displacement.  When  a  fracture  in  this  region  is  suspected  the 
surgeon  should  compare  the  injured  parts  with  the  opposite  wrist. 
The  transverse  diameters  of  the  two  wrists  should  be  carefully 
compared. 

The  possibility  of  associated  lesions  must  be  kept  in  mind  while 
examining  fractures  of  the  lower  end  of  the  radius.  Fractures 
of  both  bones  of  the  forearm  near  the  wrist,  luxations  of  the  lower 
md  of  the  ulna,  dislocations  of  the  wrist  and  fractures  or  luxa- 
tions of  the  carpal  bones  are  conditions  which  must  be  differen- 
tiated from  fractures  of  the  radius,  and  recognized  as  complications 
wlh'n  they  exist.  AVhen  both  bones  of  the  forearm  are  fractured 
near  tlie  wrist,  crepitus  and  abnormal  mobility  of  the  ulnar  head 
may  be  detected  on  mani])ulation.  It  is  often  difficult  to  recog- 
nize complicating  fracture  of  the  ulnar  styloid  without  the  aid  of 
the  X-ray.  Dislocations  of  the  wrist  are  extremely  rare  and  are 
seldom  mistaken  for  Colics'  fracture.  Colics'  fracture,  however, 
is  not  infreiinently  wrongly  diagnosticated  as  a  dislocation. 
Tliere  sliould  be  no  excuse  for  this  mistake  if  the  two  deformities 
are  compared.  (See  photographic  comparison  of  the  two  condi- 
tions as  shown  in  Figs.  378  and  379.)  The  deformity  in  disloca- 
tion is  mucli  lower  and  more  abrupt  in  outline  and  the  extensor 
tendons  stand  out   prominently  as  they  pass  from  the  forearm  to 
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I 


Peg,   :J7;V — ^Hnduit    view    of    recfiit   CoIIps'    frni'tijro. 


Vi^.    H7r», — ■Ventrftl    view    at    siiuto    tnutK      NotP    prombifnce    nt    iilunr    In-rid    nti'J    dii*- 
|»Ur«>m#At  of  hutid  to  mdint  hide. 


N 


t|u»u<b  iU  tip  in  *l»n  (il  II  lowi»r  Irvfl  tlun  tlu^  tii>  ot  Un'  ulnar  Kt^luid. 


FIf.  377.— Sume    romjiiirii«in    wi'fn    friim    the    domnJ    ai^iic^i't    of    furenrm. 


c 


262 


FKVrrrRKS   ASn   TnsLnr\TIONS 


the  hand,     NeithfT  the  arjterior  nor  the  posterior  type  of  hixaliot! 
of  ihe  ulnar  hvm\  occurs  as  a  conipiication  of  CoUes*  fracture  andj 
m  isolated   injuries  tiie   syru[»toni8  of  these  two  dislocations  arej 
too  eharaeteristie  nnd  pronounced  to  require  dilTerentiation.     In- 
ward luxation  of  the  ulnar  liead,  however,  is  a  wry  common  eoni- 
plication  of  Collei**  fracture  and  is  frfM[Uently  overlooked.     Broad-^ 
euin^  of  the  wriwt,  with  inward  and  forward  ylumpin^  of  the  uliuir 
head,  is  indicaliv**  of  this  cjunplieatioti.     On   pal|*atiou,  the  lower 
end  of  the  ulna  is   tnund  l(\ss  rirrnly  attached  to  thr  radtus  than 
normal.     It  may   he  possil)le  to  palpate  the  fractured  styloid.     It 
is  nsuallv  not  diftieult  to  ditfereiitiatf*  fractures  and   luxations  of 


FifE*,  U7h  mill  .179  'tUiii1ot:r44(*hiir  rin{iinir]M>it  of  CoDivh'  frurturf  iintt  lii»t'liwai<rl 
ditlooiiliun  of  wrinl-  *r\u'  tUnUtvmutu  ((ow*t  iJicluir)  lihttwn  ti  mwrU  mor»<  nhru]fll 
defurtoiiy.  e«c(*ti|  wK<*rt»  tht^  ifticUmh  t^rmt,  th<*  nriU  uluikm  iiiid  Ow  v*'iitr«l  ii*'formH/  I 
\%  miiph  lowrr. 

thi"  carpus  from  (ViUes'  frartufc,  yet  lesions  <d'  the  carfMjs  Hceom- 
jianyin^:    ('oll«*s'    fracture   arc    not    vt^ry    uneoniun>n    an*!    may    be  I 
overlooked.     T\n^  rarpns  slioidil   hv  examined    for  deformity   and  a 
crepitus.     If  ciouhl  exists  alter  tlie  wrist   is  thorouirhly  examinedl 
it  is  ndvis^ihle  to  resort  to  tin*  X-ray,     Thus  thf  dia^aiosis  is  estab- 
fished,  tile  details  of  tbt*  bsion  or   lesions  an-  diselos<'d  and  Ifie] 
parts  will   fiavc  ln'cn  sul»j*'eted  to  the  Irast    [n)ssihle  manijndalion  , 
ami  triinmn.     When,  on  the  othi-r  hniuh  the  pn^seuee  of  fracture 
is  apparent   on   exiirninaliuu   and    I  In-   d<  tormity   hns   been    imme- 
diately corrected,   n   I^ruilui  iio^raru   sbonhl   be   tnadt*  to  di'lcrmfne 
the  eoirjp1etent*ss  of  reduction,  to  verify  the  diagnosis  and  to  ex- 
elude  asHoeiated  lesions  of  adjoining  bones. 
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Thp  dilfei'i^nhatioii  of  Colles'  fraeturi'  from  siinjile  sprain  of  the 
wrist  is  at  times  inore  eoiifusin^  iJiaii  would  at  first  appear.  Swell- 
iiij^  of  the  parts  ainl  distention  of  tJu^  synovial  sfieatfis  following 


Txg*..  380  and  'dUl.- — KAdint  and  ulnar  tk>ws  nf  Colk-b'  friic-ture  just  b«fore  rcndurtioo. 
(S«t<  Fttn.  382   And   383.) 


Ficm.  382  tad  883,— Two  niHhodft  of  xm^piuv  lUit  wrint  in  rMilicinir  CoUei'  frAClurf, 
The  armwB  itidtcnle  thu  )iiie«  nf   furcu  4£m|HnJ(^a, 

a  sprain  may  siniidate,  to  some  extent,  the  deformity  of  Colles* 
fracture.  Unless  one  is  familiar  with  the  condition  and  a  careful 
examination  is  made,  a  sprain  may  be  mistaken  for  a  fracture,  or 
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vice  versa.  The  soft  crepitation  of  a  synovitis  should  not  be  mis- 
taken for  the  true  crepitus  accompanying^  fracture.  Synovial  crepi- 
tation is  limited  to  the  course  of  the  tendons  and  is  not  produced 
by  stress  on  the  lower  end  of  the  radius. 

Treatment. — Reduction  should  be  effected  at  the  earliest  possible 
moment.  Tlie  sooner  the  deformity  is  corrected  the  less  pro- 
nounced  will    be  tlie   subsequent  traumatic   reaction.     Reduction 


Vig.  384. — Shows  the  principles  to  be  followed  in  reducing  the  usual  transverse 
impacted  CoUes*  fracture.  A.  Section  of  normal  radius.  B.  Transverse  impacted  Col- 
lea'  of  common  type.  ('.  hhows  lower  fragrnient  forced  back  into  position.  Note  wed  re- 
shaped space,  the  result  of  crushed  cancellous  tissue.  If  the  fragment  is  released  in 
this  position  deformity  will  re<'ur  since  the  posterior  layer  of  compact  tissue  is  not 
engaged.  D.  shows  distal  fragment  forced  forward,  thus  obtaining  an  engagement 
which  jirevents  recurrence  of  deformity,  /?.  represents  a  form  of  fracture  in  which  ihe 
posterior  cortical  layer  of  the  dis»tal  fragment  is  broken  up.  F.  shows  the  use  of  pads 
on   the  splints   to   maintain   reduction    when   the  fracture   is  of  the  type  shown   in   E. 


is  best  iicconiplislied  under  anesthesia.  In  many  cases  a  satis- 
factory adjustment  of  the  fragment  can  be  accomplished  without 
this  aid.  yet  with  the  patient  unconscious  and  free  from  pain  the 
sur<roon  is  better  enabled  to  obtain  an  accurate  reposition  of  the 
fra<rnieut.  If  1h(»  fracture  is  impacted  considerable  force  may  be 
needed  to  free  the  lower  fragment  so  that  it  may  be  replaced.  In 
oblique  Colies'  fracture  the  lower  fragment  can,  as  a  rule,  be  slid 


FRACTURES  OP  LOWER  END  OP  RADIUS 


265 


back  into  position  but  the  deformity  is  likely  to  recur  if  the 
fragments  are  not  firmly  engaged  following  reduction.  For  this 
reason  the  fractured  surfaces  should  be  forced  together  after  the 
fragment  has  been  replaced.  When  the  fracture  is  transverse  and 
there  is  impaction  and  crushing  of  cancellous  tissue,  reduction 
requires  a  somewhat  different  manipulation.  In  this  form  of 
fracture  the  fragments  must  be  separated  ])y  traction  and  counter- 
traction  to  pull  the  lower  end  of  the  upper  fragment  out  of  the 
lower  fragment.  When  this  has  been  accomplished  the  lower  frag- 
ment is  pulled  downward  and  forward  and  the  deformity  slightly 
over-corrected.     In  this  way  the  layer  of  compact  tissue  on  the 


UcnZlAl 

Fisf.    385. 

IfUrual 

^pL^v 

Fig.   386. 

Files.  385  and  386. — Diagrams  of  splinU  used  in  the  treatment  of  fractures  of 
the  forearm.  The  ventral  splint  is  cut  out  to  avoid  pressure  on  the  thenar  eminence. 
(See  Figs.   307   to  312.) 


Fig.    387.-^Show8    a   dorgal    Kplint.    cut-out    opposite    Uw 
rarely  needed  if  a  heavy  enough  layer  of  padding  is  used. 


h«'Md    of    lh»>    ulna.      Thi.s    is 


posterior  surface  of  the  lowt*r  fra^niont  is  ontra«rc(l  a^^ainst  the 
corresponding  layer  in  the  upper  frat^niient  and  rcdisplacement  is 
prevented.  If  this  is  not  acconiplishod  tlie  dt'formity  will  recur 
since  the  lower  end  of  the  upper  fragment  will  drop  back  into  the 
space  in  the  lower  fragment  eorrospondin*;  to  the  crushed  cancel- 
lous tissue.  The  accompanying  diagrams  (Fig.  384)  illustrate  the 
manner  in  which  deformity  recurs  and  the  necessity  for  slightly 
over-correcting  the  displacement.  Manipulations  such  as  shown  in 
Figs.  382  and  383  are  recommended  in  correcting  the  displacement 
but  the  most  important  recpiisite  for  ])roper  reduction  is  a  clear 
understanding  on  the  part  of  the  surgeon  concerning  the  nature 
of  the  break  and  the  relative  positions  of  the  fragments. 

The  grip  shown  in  Fig.  383  usually  works  well  in  the  oblique 
type  of  CoUes'  fracture  while  the  one  shown  in  Fig.  382  is  most 
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efficient  when  the  break  is  transverse  and  impaction  exists.  If  the 
lower  radio-ulnar  articulation  remains  inta<*t  reduction  can  some- 
times be  etTected  by  strong:  ulnar  flexion  of  the  wrist.  By  this 
method  the  radioulnar  articulation  is  used  as  a  fulcrum  in  foreinj^ 
the  lower  radial  fragment  back  into  position.  Care  should  be 
exercised,  however,  not  to  place  more  strain  on  the  articulation 
than  it  will  stand  as  otherwise  it  may  be  broken  up,  thus  increasing; 
the  damage  instead  of  correcting?  the  deformity.  After  the  dis- 
placement of  the  ra<lial  fraeture  has  been  corrected  lateral  pressure 
shouhl  be  exerted  on  the  lower  end  of  tlu*  ulna  to  force  the  ulnar 
h(^ad  home  against  tiie  sijjjmoid  cavity  of  the  radius;  thus  correct- 
in»r  the  lateral  and   forward  displacement   of  the  ulim. 


KiK.    JJrtrt.  —The    Wnlker   splint.      Madr    in    "rijthlh"    niwl    "leftK*"    and    in    five   »i2e«  for 
the  tri*Htinent   of   Colh'h'    frarturc. 

Numerous  splints  have  been  devised  to  prevent  recurrence  of 
deformity  and  they  are  of  some  advanta^'e,  thouj^h  their  value 
has  been  ^r(»atly  exa^f^erated.  Si)ecial  i)addinjr  and  sjdints  of 
si)ecial  desij^ni  siiould  never  l)e  used  with  the  idea  of  actively  cor- 
recting deformity.  The  displacement  should  be  overcome  as  fully 
as  possible  at  the  time  of  reduction  and  the  most  that  should  be 
attempted  in  fixation  of  the  i)arts  is  to  i)revent  th(»  recurrence  of 
the  deformity.  The  various  types  of  dressin»j:  which  have  been 
employed  in  the  fixation  of  Colics'  fracture  are  too  numerous  to 
mention.  The  most  imi)ortant  element  in  the  treatment  of  these 
eas(?s  is  to  secure  an  aecurate  reduction  and  firm  en»?atrement  of 
the  fragments,  and  to  then  prot(H*t  the  i)arts  from  strains  which 
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lit  distiirh  tilt*  fnigiiirnts*  The  nature  of  the  tixation  eittployed 
irilt  depend  on  the  tfudt'iiey  to  re^Mirri^iiee  of  (h^'ormity  and  the 
age  and  teniperanient  of  the  patient.  An  ail  nit  may  in  most  eases 
he  deiieiKh-d  njion  to  avoid  disturhintr  the  parts  linrinjr  tlie  Hfter- 
treatmeiit  ajitl  to  follow  the  instiuetions  joriven  by  the  snrjieon. 
On  the  other  hiind  nn  nrtive  ehild  ennnot  he  trn«led  and  the  wrist 
Khouhi  he  so  tinidy  dressed  that  thr  parts  are  not  likely  to  he 
aeeif lent al ly  d ist ii r bed . 

When  therefore  a  solhl  enirat^ement  ran  be  obtained  in  a  depend- 
able adult  tilt*  wrist  may  he  eneirrlrd  with  a  strip  of  adhesive 
plnsler  and  the  forearm  earried  in  a  slin^^  I'he  hand  shonld  not 
be  supported  l>y  the  sling  but  is  allow*'d  to  haiifr  dependent  from 


Fij;.  3<>r 


Kttf-   :i»9  — Short  fipUiU»   Applii'd   1;*(    wr\n\    iiiiti    Ijtkl    in   poftltiim    hy   rirruUr   silriipi   *.f 

Fi*.  390. — 8hfiwii  prnjier  pitftition  of  wmi  »nd  hiind-  Wrimt  in  riirn**d  k»  uloiir 
Hr&inn. 

ngr.  891. — Sbowfc  JinpntptT  iuHIuhI  nt  carr>ing  wrint  nnd  hmid,  Korcunn  prontttetl 
Villi  wriat  flrxfd.  ^ 

the  wri.st  in  a  posilinn  of  ulnar  Hexion.  Exe^^Ueni  resultn  ean  be 
filitained  in  this  way,  ftrovirhnl  n  soliil  rnirairenient  of  the  frairments 
liaii  been  seeured  and  thr  [y.'dicnt  follows  direetions  and  dffl^s  not 
fiiHturb  the  partM,  If  a  short,  |0"o]terly  i>ndiled  doisal  .splint  is 
f*eeured  in  position  with  a  einnilat^  strip  of  adhesive  plaster  the 
immobilization  will  he  found  more  st^eure  thnn  that  nbtaine<l  by 
the  eneirelint;  strip  of  adlN'sivc  alorir.  Whin  the  slmrt  dorsal 
spUiit  is  employed  a(»[»roj>riate  padding?  should  l>e  i^laeed  between 
the  adhesive  an*!  tbe  ventral  surfrn^e  of  the  wrist.  In  instaneeH  in 
which  there  has  lieen  nnndi  I'omminntion  and  the  Irndrney  to  reeur- 
rence  of  deformity  ean  not  be  overeorni*  tbu'in^^  ix'duetion  this 
method  is  entirely  too  inseeurt'  and  should  not  be  employed.     Ihnier 
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ih*^'.  ifinfurriKtafKM^s  tluf  aiit<frior  and  posterior  splints  such  as  used 
ifi  tint  tr^fatrn^'nt  of  fractures  of  the  forearm  will,  in  most  cases, 
m^rvtf  the  purpf>Wf  letter.  Heavy  padding  of  the  posterior  splint 
\h*\ow  the  plane  of  frar-ture  and  of  the  anterior  splint  above  the 
break  will  t(*nrl  to  i>revent  the  return  of  the  silver-fork  deformity. 
The  iM'Mi  material  for  this  special  padding  is  saddler *s  felt  which 
may  hit  obtained  from  any  harness  shop.  It  is  elastic,  holds  its 
Mhape  well  and  may  b(»  cut  into  pads  of  desired  proportions.  The 
Mplints  Hhouldbe  a  little  broader  than  the  forearm  in  its  thickest 
part  and  should  be  loosely  enough  applied  to  avoid  constriction. 
Tlici  forearm  should  not  be  bandaged  before  the  splints  are  placed 
in  i)OKition.  The  i)adding  is  never  used  with  the  expectation  of 
actively  forcing  the  fragments  back  into  place  but  only  for  the 
purpose  of  preventing  redisplacement.  One  splint,  usually  the 
anterior,  is  secured  in  place  by  strips  of  adhesive.  The  opposite 
splint  is  then  applied  and  may  be  removed  separately  during  the 
after-treatment  without  depriving  the  fracture  of  the  support 
offered  by  the  opposite  splint.  (See  Figs.  307  to  312.)  In  this 
way  the  anterior  splint  supports  the  forearm  and  wrist  while  the 
surgeon  is  insi)ecting  the  parts  and  readjusting  the  dressing. 
It  is  of  paramomit  importance  that  free  circulation  be  present  aft^r 
the  dressings  are  in  ])lace.  During  the  first  few  days  following 
the  injury  due  allowance  should  be  made  for  the  swelling  which 
comes  with  traumatic  reaction.  (\)nstriction  may  be  readily  de- 
tecteii  by  examining  the  nails.  The  dangers  of  too  tight  bandaging 
and  strangulation  of  the  forearm  have  already  been  mentioned 
undtr  "Kraetun^s  of  Hones  of  the  Forearm.*'  The  Bond  splint 
and  others  of  the  same  type  which  maintain  the  wrist  in  a  position 
of  ulnar  th'xiou  are  of  servirt^  in  some  cases  but  their  value  has 
been  greatly  overestiiuateil.  It  has  been  customary  for  years  to 
consider  tlie  position  of  the  hand  as  exert inir  great  influence  on  the 
reeurreuoo  I'^i'  dotormity.  As  a  matter  of  fact  there  are  a  few 
t-onditious  in  whieh  the  position  of  the  hand  affects  the  position  of 
I  lie  fraiiment.  h\\\  in  nearly  all  fracturi^  in  this  region  the  prime 
rwjuisite  in  avoiding  ilio  nvurrenoe  of  deformity  is  the  proper 
nnhu-tiou  of  the  ilet'orinity  and  rirm  enirairement  of  the  fragments. 
If  tlu'  lowtr  radioulnar  articulation  nvuains  intact  ulnar  flexion 
wUI  tond  to  hold  t!\r  lowtr  radial  f racriu  nt  in  reiluetion.  but  if 
tl'.c  ar!\K-ulation  has  i^vu  brok^Mi  up.  tins  pvvsition  will  only  increase 
tlie  displavv:uei\t   of  tl;o  ulnar  head      Oo'iuuinution  of  the  lower 
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end  of  the  radius,  crushing  of  the  cancellous  tissue  in  this  region 
and  obliquity  in  the  plane  of  fracture  are  the  most  common  causes 
of  recurrence  of  deformity  following  proper  reduction,  and  the 
position  of  the  hand  during  the  after-treatment  has  little  influence 
in  maintaining  reduction  when  these  conditions  exist.  Flexion  of 
the  wrist  places  the  extensor  tendons  on  the  stretch  and  they  are 
thus  supposed  to  exert  a  splinting  action  on  the  fragments. 
Ulnar  flexion  throws  more  strain  on  the  ulna  and  relieves  the 
radius,  to  some  extent,  of  the  shortening  effect  of  the  muscles  of 
the  forearm.  It  is  questionable,  however,  if  either  of  these  posi- 
tions makes  enough  difference  to  be  of  practical  importance  in  the 
treatment  of  Colles'  fracture.  Extensive  comminution  of  the  lower 
end  of  the  radius  renders  the  fragments  difficult  to  maintain  in 
good  reduction  and  it  is  hero  that  ulnar  flexion  will  be  found  of 
most  value,  provided  the  lower  radioulnar  articulation  has  not 
been  broken  up. 

The  reduction  of  Barton's  fracture  involves  the  same  principles 
as  already  described  in  correcting  the  deformity  of  Colles'  frac- 
ture. In  atypical  fractun»s  of  the  lower  end  of  the  radius  the 
surgeon  must  be  guided  by  the  nature  of  the  fracture  and  the 
character  of  the  displacement.  Tf  the  type  of  the  fracture  is 
fully  appreciated  the  surgeon  will  be  better  able  to  correct  the 
deformity  and  hence  the  value  of  the  X-ray,  especially  in  instances 
in  which  difficulty  is  experienced  in  correcting  the  displacement. 
Occasionally  cases  are  encountered  in  which  reduction  cannot  be 
accomplished  w^ithout  resorting  to  open  incision.  The  local  use  of 
the  ice  bag  during  the  first  twenty-four  to  forty-eight  hours  will 
be  found  of  great  service  in  controlling  the  traumatic  reaction, 
especially  in  cases  in  which  the  causative  trauma  has  been  severe. 

Operative  Treatment. — Operation  is  sometimes  indicated  w^hen 
a  satisfactory  reduction  cannot  be  otherwise  obtained.  A  small 
fragment  of  bone  may  become  interposed  ])etween  the  fractured 
surfaces  and  require  removal  before  the  deformity  can  be  cor- 
rected. Direct  reposition  of  the  fragments  through  the  incision 
will  be  all  that  is  required  in  most  eases. 

The  common  fracture  of  the  lower  end  of  the  radius  is  best  ap- 
])roached  through  a  longitudinal  incision  on  the  outer  side  of  the 
wrist.  This  incision  exposes  the  radial  artery  and  nerve  and 
the  extensors  of  the  thiunb.  Under  cover  of  tlie  ]>osterior  lip  of 
the  wound  will  be  found  the  radial  extensors  of  the  carpus.     The 
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iMiiiri<i'  t»f  \hv  vtu\'\i\]  nriery  is  soint^timrs  aiiotnalous,  wititling  aroiuid 
till'  Inwrr  foiii'tli  lit"  tlu*  radiiiK  iiist**a<l  of  piissiiig  tlirou*:h  Hu*  ana- 
tomirHl  HnulThox.  Tlfm  f*nnc]itioTi  jriay  be  repofjiiizi'd  by  palpatingr 
tilt*  Ht'trry  v\vn  before  tlie  irj*'i.sion  is  ina4t\  Ohliijue  Co!b*s'  fra<'- 
liliv  nm\  Niuur  of  Ibe  atyiii<*al  brt^aks  seen  in  the  lower  vm]  of  tbe 
nulitm  limy  nwi]  somt*  form  of  internal  fixation  to  prevent  recur- 
reiiee  of  <lrfiH-nnty.  The  plarin^r  of  this  matt  riijl  will  depend  en- 
\ivv\\  on  Mii*  nature  of  tfie  fraetnn*  and  Mie  cjiaraeter  of  the 
diHt»bir*Miii*nt,      [n    obli^pie    fraeturrs    wbieb    cannot    otberwise    be 


Fig.   39'J. 


Fiff.  a93. 


Ffff.  392. — Skiflirrnni  »howiniE  rndiiil  cpiphy^U  dt&pUrfd  to  tbp  rfldinl  Htde  nnd  > 
]H>rliim  of  the  fthaft  of  the  bt>in*  t»rrird  wuh  U.      {liHn^mh]^^ our uat  i.   Jf.  ^1. ) 

F»K  n9.1, — Skiajfriiin  #howinif  th«^  di^Dirhrd  fr»irni<»iU  nmU^d  io  jh<i»  sh»ft  of  tb* 
turn*'.      (HnuboM— JourNfll    .4     M     4  1 


nmiiitnitiHl  in  rednetton  »  i<imall  loop  of  wire  passing  through  the 
fra^rmrnts  will  often  aeeonipHsli  all  that  is  desired.  In  instances 
of  ]ouruounetHt  radial  *lisp!arement  of  the  lower  fragment  a  satis- 
faetory  fixation  may  W  obtained  in  some  eases  by  nailine  the  lower 
fraKint^iit  <**  'he  upi^er  as  shown  in  Fiif.  3f>3.  Epiphyseal 
Nepjirations  seltlom  riH|nire  operative  intervention.  Oeeasionally  an 
unloni  i>eric«teuni  may  otTer  resistance  to  the  reduction  of  a  dis- 
plueod  epitdi\sis  and  it  may  be  ntM»essary  to  divide  this  tissue  b<?- 
fore  tbe  ileforniity  eaii  l>e  corrected.  Recurrence  of  deformity  in 
»n  epiphyseal  separation  may  be  due  to  a  complicating  fracture  of 
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the  diaphysis  (see  Fig.  349)  and  to  prevent  this  tendency  to  dis- 
placement it  may  be  necessary  to  wire  the  fragments  of  the  di- 
aphysis together. 

Compound  fractures  of  the  lower  end  of  the  radius  should  be 
treated  according  to  the  principles  as  laid  down  under  the  heading 
of  ** Treatment  of  Compound  Fractures  and  Dislocations/'  page 
789. 

In  some  cases  of  comminution  of  the  lower  end  of  the  bone  a 
circular  wire  will  so  bind  the  frajjmonts  together  that  the  com- 
minuted bony  area  is  brought  closer  together  and  the  deformity 
lessened.  In  other  cases  the  eomniinution  may  be  so  extensive  that 
operative  procedure  is  not  advisable. 

Old  cases  of  Colles'  fracture  with  deformity  and  pronounced  loss 
of  function  may  recjuire  operation  for  the  correction  of  the  de- 
formity and  the  breaking  up  of  adhesions.  Tliis  operation,  how- 
ever, should  not  be  undertaken  without  a  careful  study  of  the  case 
including  an  X-ray  examination.  One  should  determine,  as  far  as 
possible,  how  much  of  the  loss  of  function  is  due  to  the  deformity, 
and  how  much  is  the  result  of  joint  and  tendon  adhesions,  and 
whether  or  not  there  is  a  rarifying  osteitis  of  the  lower  end  of 
the  radius.  The  loss  of  function  is  more  often  due  to  adhesions 
than  to  deformity,  and  hence  the  greatest  good  will,  in  most  cases, 
result  from  a  breaking  U[)  of  tiiese  adhesions  under  anesthesia, 
without  incision  of  the  parts  or  re  fracture  of  the  bone.  Recent 
cases  may  be  refractiuvd  without  incision,  provided  the  condition 
is  not  more  than  three  or  four  weeks  old.  It  is  usually  best,  how- 
ever, to  produce  refracture  through  an  incision  since  more  accurate 
work  can  be  done  in  this  way. 

After-Treatment. — Tlie  case  should  be  seen  daily  for  the  first  few 
days  to  adjust  the  dressings  to  the  varying  size  of  the  forearm 
and  wrist  during  the  onset  and  subsidence  of  traumatic  swelling. 
Recurrence  of  deformity  should  he  watched  for  and  corrected  if 
it  occurs.  Disturbance  of  the  circulation  or  pain  (es[)ecially  in  the 
region  of  the  three  pressure  points)  calls  for  readjustment  of  the 
dressings  and  inspection  of  the  region  of  fractun*.  The  three 
pressure  points  just  referred  to  are  the  head  of  the  ulna,  the  bases 
of  the  second  and  third  metacarpals  and  the  thenar  eminence. 
Tndue  pressure  at  thes(»  ])oints  may  lead  to  sloughing  of  the  soft 
tissues  which  is  a  painful,  annoying  and  serious  complication.  The 
lower  end  of  the  anterior  s[)lint  should  be  cut  away  on  the  radial 
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fsidf*  to  nvo'it]  |>n\ssure  on  tlie  tlifiiar  *^uiiiienee  as  Jilrt^ntly  deserilxHl 
in  the  treatment  of  '^Fractures  of  tlie  Radml  and  Ulnar  Shafts*' 
on  page  224*  Tlie  posterior  spHnt  should  he  well  padded  oppo- 
site tlie  hand  and  wrist  to  avoid  uTidiie  pressiin^  on  the  head  of  the 
ulna  and  the  hases  of  the  metacarpals.  If  unusual  diffieulty  is 
experienced  in  avoiding  pressure  on  these  points  the  pasterior  splint 
may  have  holes  drilled  through  it  eorresiiondiuf,'^  to  these  promi- 
iieneea  and  the  padding  reap^died.  Tain  should  not  be  pronounced 
after  six  or  ei^^ht  hours.  The  fingers  must  he  moved  daily  dnringr 
the  entire  eourse  of  tJie  treatment.  Immoliilizntion  of  the  fingers 
is  followed  by  a  loss  of  function  which  is  probably  worse  than  the 
sum  total  of  untoward  symptoms  seen  in  untreated  eases.  It  is 
mneli  more  important  to  secure  a  good  funetional  result  than  it 
is  to  have  the  frnjife'uts  in  j>erfeet  anatomical  relation,  and  it  must 


Fi|f.   H94. — t'olk'f'    frat'lure    aibout     ivs-ritj,  f*iiir    hours    following:    intidinl.      Disflurt 
tiL<<»nt  of   frAgmtrat   »l]j^ht   biu    trJiiMiinlic   rcnrtion    pronouiicH.      Swi'llini:   mn^kit   drforimty 
iw    fcrent   ^stent.      D    is    during;    the    flrnt    twiMilj-four    or    forty-eiipht    haurs    that    fhiTP    \s. 
danger  of  thv  cirrtilrttion  brine  int**rfcn»d  with  a*  a  rc*tiU  of  the  forearm  AireUing  withm 
tho    drcMfiiii^fi.      If  '        '  -.         -        -  .        .  ,       .         .  ... 

and    the   inpmb<*r 
820.) 


n    in    tlicTpfnri''    iinperalivo    thnt    thi>    firnt    dr«s«itigK    b«    looAely    itpplied 
r   dfisHy    wiitrbffi    fttr   f^'ignh  ai   strAngtilatiou.      (See   Fig«.    318,    819    »nd 


not  be  forjrotten  that  f miction  depends  more  on  the  early  and  free 
passive  motitui  of  the  fingers  onil  thumb  during  treatment  than  on 
anything  else.  The  older  the  palient  the  more  important  is  pas* 
sive  motion.  iVt  the  end  of  a  week  or  ten  dfiys  the  i>osterior  splint 
may  he  dispeuHiMl  with,  and  both  may  be  discarded,  in  the  average 
case,  two  weeks  from  the  time  of  accident.  A  strii>  of  adhesive 
may  then  be  phiccd  ahout  the  wrist  and  the  forearm  carried  in  a 
sling  with  the  hand  hanging  dependent  in  a  position  of  ulnar 
tlexion.  In  some  eases  the  posterior  splint  may  l>e  retained  for  a 
week  or  ten  tlsiys  lon^'cr  ^is  a  preeantion  against  extennd  violence. 
Tins  is  i>articularly  advisable  in  the  treatmcfit  of  ehildren.  Old 
patients  should  be  allowed  more  time  for  union  to  take  place.     Un- 
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iry  strain  to  the  wrist  Hhaiihl  ho  avoided  for  a  month  or 
more  following  removal  of  dressiuLTs,  hnt  tlic  patii^nt  slionltl  be 
urged  to  use  wrist  and  fingers  freely  so  that  funetion  may  be  fully 
restored.  In  favorable  eases  ^^^ntle  [)a.s.sive  niolion  of  the  wri.st 
should  be  begun  as  early  as  the  f^iid  of  a  week  ur  ten  days  follow- 
ing injury  and  kept  up  daily  until  utiiuu  is  [jreseiit  and  funetion 
restored.  Hot  water  anil  massa^'e  are  of  serviee  in  restorinj?  the 
parts  to  normal  free  funetion  and  shotibl  be  persinttMi  in  until 
recovery  is  complete.  The  after-treatment  of  atypieal  fractures 
iind  epiphyseal  separations  of  the  lower  end  of  the  radius  involves 
the  same  prineijilrs  as  already  given  iu  tlio  after-care  of  a  tyf^ieal 
Colles'  fracture. 

Prognosis. —  liony  union  is  well  established  at  the  end  of  three 
ti  thv  Iif^idlhy  youni:  ii<lidt.     C'urn|dete  supiiiatioii  will  usu- 


F»e.   395. 


f\f%  <td5  mid  d9A. — rhurartrristie  di'fnrmity  fmltowinif  inrtimplptri  rediftlnn  of  i^o 
oblt^m  rnll*'**  frrtrtiirr  Note  tliicbt  »i!v<*r  fork  defurmitv  nnt\  trHM«v«Miir»  ihtclf^ninc 
dT  iih  !k    from    rui'tiirc"   af    (ho   lowpr    rAiito-ulnnr   lifnmenl   of   Imeture 

if   n  :    and    VPiilrAl    nlurDpintc   of    lowor   end   of    iihm    H|ip»rf>nt      t?iiiM» 

ally  bc!  the  last   ntotion  to  l»e  fully   reslorrd  ;   this   is  parliralarly 
true  ill  inBt&nces  in  which  the  lower  radio-ulnar  articulation  has 
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the  hand.  Neitlier  the*  anterior  nor  the  posterior  type  of  luxation 
of  thi*  ulnar  head  orenr.s  as  a  corn |ilieiit ion  of  Colles'  fraeturu  and 
as  isolated  injnrieH  the  symptoms  of  these  two  dislocations  are 
too  characteristic  and  pronounecd  to  rerpure  didV rent iat ion.  In- 
ward luxation  of  the  nlnar  heaiL  however,  is  a  very  common  com* 
plication  of  Colles'  fracture  and  is  frc<iuently  overlooked.  Broad* 
eiiing^  of  the  wrist,  witli  iriwnnl  mnl  forward  shnnping  of  tlie  ulnar 
head,  is  indicative  of  this  cuinpli<L'ntiou.  (hi  palpation,  the  lower 
end  of  the  ulna  is  found  less  tinnly  attached  to  the  radius  than 
normal.  It  nmy  be  [mHsihle  to  paljiHte  the  fractured  styloiil.  It 
is  usually  not  *lit!icult  to  dinVr.-iitiate   fractures  and   luxntions  of 


j'l- 


Pi^s.  lilH  siud  :\1\*. — ^^l*h(iitc)t;riiphu'  iNiitniiiri:>,iMi  of  <\>lli's  fruilure  nnd  buikwmJ 
dJitlocfttiaii  of  wrih,!,  Thr^  fUtiltuMiiiiiiit  0*>wpr  pU'tiire^  shuws  a  much  iimrp  abnifil 
dcforroity.  «Ai'fttt  wIuti*  Uu'  UMubms  i-ritss  Ihv  artioulniiuii  aiul  the  vinirrul  ilHciruiily 
i»  mnvh   Juwpr. 

the  carpus  from  Colhvs'  fracture,  yet  lesions  of  tlie  carpus  acconi* 
Iianyiniir  ('olles'  fracture  are  not  very  uncommon  and  may  be 
overlooked.  The  carpus  sliould  be  examined  for  deformity  and 
crepitus.  If  doubt  exists  after  the  wrist  is  thorouyfhly  exaniiiied 
it  is  advisable  to  resort  to  tlu^  X-ray.  Thus  tlie  diafrnosis  is  estal>- 
lished,  the  details  of  the  lesion  or  lesions  are  disclosed  and  the 
parts  will  have  bi'cn  subjected  to  the  least  possible  manipulation 
and  tJ'auma.  AVhen,  on  the  other  band,  the  prt^scuce  of  fracture 
is  apparent  on  exjuuinatiyji  aitd  the  deformity  has  been  imme- 
diately corrected,  a  Rout^jt*no|j:ram  should  be  made  to  determine 
the  conijdctencss  of  reduction,  to  verify  the  diagnosis  and  to  ex- 
clude associated  lesions  of  adjoining  bones. 
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Th(*  diffeivntiatjoii  of  Colles'  fractiiro  from  dmple  sprain  of  the 
ist  is  at  tinii^s  oiore  **()nfusiiiir  Itian  woiilil  u\  lirsl  appoar.     8w«ell- 
li^  of  th(*  iiarts  ami  <listi*ntioii  of  the  synovial  slieaths  followiniar 


Fig,    381. 
PiKK.  380  ntid  361.- — Rudtal  nfid  ulnar  viewii  of  Collet'  fracture  jukI  before  reducUOQ. 
(See  Fiff«.  Sri  and  333.) 


f\K.   ^tH.l. 


fig*,  382   »rn\  0H3,— Two  rnrtluml!^  uf  k^ruaititig  Uu'   wriwt   in  rrdiiciiiu  Coll*-*'   frnelurp 

Sprain  may  aiinnlate,  lu  Mmir  exteiit,  the  defonuity  of  CoUes* 
hirtun*.  PiileKs  one  is  familiar  wittr  the  eoncVition  and  a  raret'ul 
tarninalion  is  made,  a  sjn-aiii  may  l)t*  mistaken  for  n  Irartnre,  or 


266 


KKAtTI'KKS    AND    IHSUM' VTltlNS 


I 


efficient  when  the  bivak  is  tranKverse  and  iiiiiiai'tioii  f'xists.  If  tht* 
lowtT  ryiiio-uliiiir  artii'uhition  ruiuaius  iirtact  rediietiou  can  sorne- 
tinies  l)e  effected  by  strong  ulnar  tiexioii  of  the  wrist.  By  this 
iiR'thod  the  radio  iilnur  articulation  is  iisimI  as  a  fuleruni  in  fon^iu'sT 
the  lower  radial  tra*,'int*nt  baek  into  position.  Care  shoubl  \w 
exercised,  however,  not  to  plaee  more  strain  on  the  articulation 
tliaii  it  will  staiiil  as  oUierwise  it  may  be  broken  ujk  thus  iiiereasing 
tlie  daniaj^e  instead  of  eorreetin*;  the  det'onnity.  After  the  dis- 
Ijlaeenieiit  of  the  radial  fraeture  lias  l>pen  corrected  latend  pressure 
should  be  exerted  on  tlie  lower  end  of  the  ulna  to  foret*  the  ulnar 
head  home  ajj^aiust  the  signioiil  cavity  of  the  radium:  thus  eorreet- 
in\i  the  lateral  and   forward  disphieement   of  the  ulua. 


FIf.  388. — Thr   Walk(»r    splnii       ALwK'   in    '  riirfa-,      .mm(    '  It- hs  '    and    in    five  «nw*  for 
the  truAtiDcnt  of  Ci>llt^'   frofUirs'. 


Numerous  splints  have  been  (h^vised  to  juvveut  reeurrenee  of 
deforruity  and  tbey  are  of  souie  advautaju^e,  though  their  value 
bas  been  greatly  exaggerated.  Special  padding  and  splints  of 
special  desi^ni  fshould  never  be  used  with  the  idea  of  actively  cor- 
recting  deformity.  Tbe  disphieement  sliouh!  be  overcome  as  fully 
as  possible  at  ttie  tinu-  of  reduetion  and  tlie  most  that  should  be 
attem|)ied  in  tixation  of  tlie  parts  is  to  prevent  the  reeurrenee  of 
the  deformity.  The  various  tyjies  of  dressing,'  which  have  been 
employed  in  the  fixation  of  Colics'  fracture  *jre  too  luunerous  to 
mention.  Tbe  most  important  eletnent  in  the  treatment  of  thest* 
eases  is  to  secure  an  af*eurate  reduction  and  tirui  enirai;enu^ut  of 
the  fragments,  and  to  then  protect  tbe  parts  from  straios  wliich 
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might  (jistvirh  the  fnitjniruts.  Tfio  nature  of  the  fixation  employed 
will  depend  on  the  lendeiiey  to  reeurreiiee  of  defoniiity  nntl  the 
at?e  aiicl  leiiiperaTiienl:  of  tlie  patient.  An  adult  may  in  most  cases 
hi*  de]it*nded  upon  to  avoid  disturbing;  the  ji^rts  dnriutr  the  after- 
treatmeot  and  to  follow  t\\*^  instructions  giv^^u  liy  tie*  Hurgt^on. 
On  the  othrr  hantl  nn  aetivo  ehild  cannot  be  trusted  and  the  wrist 
shoulil  be  so  tirmly  ilresstni  that  th<*  i)arts  are  not  likely  to  W 
aeeideulalh^  disturln-d, 

1  When  therefore  a  solid  engagement  vnu  be  obttuned  in  a  depeud- 
al)f*^  adult  th*^  wrist  tiuiy  be  eneireled  with  a  stn|i  of  adhesive 
phisti*r  and  thr  roi'i'urni  t-arrit^d  in  a  slin^^  The  hand  should  not 
be  supportetl  l»y  th*/  sViug  hut  is  allowrd  to  bau',^  deprndrn!   froni 


1 


Ku.    .:->V  Fi  :.    ,"1.  Kig.    H!H 

li^O, — Short   fti>liiitfc   aiiphtrl    (<»   wri«t    unci    hrUi    in    pfthWum    hy   t'ircuhir   ntrii|i   ni 

V\^,   300, — Shows    prupur   poHitiari   *}f    wrtgt    And    tin  mi.      Wi'tMt    ia    nirnrd    in    ulnar 
ion. 

For**!*!'!!!   protiHtefl 


nd   wriM  flexed. 


the  wrist  in  a  |)osrtion  of  ulnar  tirxion.  Exef^llent  ri'snlts  can  he 
obtained  in  tliis  way.  [u-nvidm!  a  solitl  rn^airfUHnt  of  the  fra^rments 
ha«  been  secured  and  the  fisUii'td  follows  directions  and  does  not 
disturb  the  parts.  If  a  sfiorf,  pntperly  pad<lei1  dorsal  splint  is 
secured  in  position  with  a  eireubir  strii>  of  adhi^sive  jilnstcr  the 
immobilizaliou  will  be  found  mon*  secure  than  that  obtained  by 
th**  cncirelini;  Htri|i  of  adhesive  alone.  When  the  short  dorsal 
splint  is  eniploycil  apjuniprintc*  imdding  should  be  placed  lietwecn 
the  adhesive  and  the  ventral  surface  of  the  wrist.  In  instances  in 
which  there  lias  lieen  nuieh  comrninutioo  atid  the  tendency  to  recur- 
rence of  ihdormity  cannot  be  overetjmc  dnrin<:  n'duetion  this 
method  is  entirely  too  insecure  and  shoidd  not  he  employed.     Under 
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these  eireurastances  the  anterior  and  posterior  splints  such  as  used 
in  the  treatment  of  fractures  of  the  forearm  will,  in  most  cases, 
serve  the  purpose  better.  Heavy  padding  of  the  posterior  splint 
below  the  plane  of  fracture  and  of  the  anterior  splint  above  the 
break  will  tend  to  prevent  the  return  of  the  silver-fork  deformity. 
The  best  material  for  this  special  padding  is  saddler's  felt  which 
may  be  obtained  from  any  harness  sliop.  It  is  elastic,  holds  its 
shape  well  and  may  be  cut  into  pads  of  desired  proportions.  The 
splints  should  "be  a  little  broader  than  the  forearm  in  its  thickest 
part  and  should  be  loosely  enough  applied  to  avoid  constriction. 
The  forearm  should  not  be  bandaged  before  the  splints  are  placed 
in  position.  The  padding  is  never  used  with  the  expectation  of 
actively  forcing  the  fragments  back  into  place  but  only  for  the 
purpose  of  preventing  redisplacement.  One  splint,  usually  the 
anterior,  is  secured  in  place  by  strips  of  adhesive.  The  opposite 
splint  is  then  applied  and  may  be  removed  separately  during  the 
after-treatment  without  depriving  the  fracture  of  the  support 
offered  by  the  opposite  splint.  (See  Figs.  307  to  312.)  In  this 
way  the  anterior  splint  supports  the  forearm  and  wrist  while  the 
surgeon  is  inspecting  the  parts  and  readjusting  the  dressing. 
It  is  of  paramount  importance  that  free  circulation  be  present  after 
the  dressings  are  in  place.  During  the  first  few  days  following 
the  injury  due  allowance  should  be  made  for  the  swelling  which 
comes  with  traumatic  reaction.  Constriction  may  be  readily  de- 
tected by  examining  the  nails.  Tlie  dangers  of  too  tight  bandaging 
and  strangulation  of  the  forearm  have  already  been  mentioned 
under  '* Fractures  of  Bones  of  the  Forearm.'*  The  Bond  splint 
and  others  of  the  same  typo  which  maintain  the  wrist  in  a  position 
of  ulnar  flexion  are  of  service  in  some  cases  but  their  value  has 
been  greatly  overestimated.  It  has  been  customary  for  years  to 
consider  tlie  position  of  the  hand  as  exerting  great  influence  on  the 
recurrence  of  deformity.  As  a  matter  of  fact  there  are  a  few 
conditions  in  which  the  position  of  the  liand  affects  the  position  of 
the  fragment,  but  in  nearly  all  fractures  in  this  region  the  prime 
requisite  in  avoiding  the  recurrence  of  deformity  is  the  proper 
reduction  of  the  deformity  and  firm  engagement  of  the  fragments. 
If  the  lower  radio-nlnar  articulation  remains  intact  ulnar  flexion 
will  tend  to  hold  the  lower  radial  fragment  in  reduction,  but  if 
the  artieulatiou  has  been  broken  U[),  this  ])osition  will  only  increase 
the  displacement  of  the  ulnar  head.     Comminution  of  the  lower 
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end  of  the  radius,  crushing  of  the  cancellous  tissue  in  this  region 
and  obliquity  in  the  plane  of  fracture  are  the  most  common  causes 
of  recurrence  of  deformity  following  proper  reduction,  and  the 
position  of  the  hand  during  the  after-treatment  has  little  influence 
in  maintaining  reduction  when  these  conditions  exist.  Flexion  of 
the  wrist  places  the  extensor  tendons  on  the  stretch  and  they  are 
thus  supposed  to  exert  a  splinting  action  on  the  fragments. 
Ulnar  flexion  throws  more  strain  on  the  ulna  and  relieves  the 
radius,  to  some  extent,  of  the  shortening  efYcct  of  the  muscles  of 
the  forearm.  It  is  questionable,  however,  if  either  of  these  posi- 
tions makes  enough  difference  to  be  of  practical  importance  in  the 
treatment  of  Colles'  fracture.  Extensive  comminution  of  the  lower 
end  of  the  radius  renders  the  fragments  difficult  to  maintain  in 
good  reduction  and  it  is  here  that  ulnar  flexion  w^ill  be  found  of 
most  value,  provided  the  lower  radioulnar  articulation  has  not 
been  broken  up. 

The  reduction  of  Barton's  fracture  involves  the  same  principles 
as  already  described  in  correcting  the  deformity  of  Colles'  frac- 
ture. In  atypical  fractun»s  of  the  lower  end  of  the  radius  the 
surgeon  must  be  guided  by  the  nature  of  the  fracture  and  the 
character  of  the  displacement.  If  the  type  of  the  fracture  is 
fully  appreciated  the  surgeon  will  be  better  able  to  correct  the 
deformity  and  hence  the  value  of  the  X-ray,  especially  in  instances 
in  which  difficulty  is  experienced  in  correcting  the  displacement. 
Occasionally  cases  are  encountered  in  which  reduction  cannot  be 
accomplished  without  resorting  to  open  incision.  The  local  use  of 
the  ice  bag  during  the  first  twenty-four  to  forty-eight  hours  wall 
be  found  of  great  service  in  controlling  the  traumatic  reaction, 
especially  in  cases  in  which  the  causative  trauma  has  been  severe. 

Operative  Treatment. — Operation  is  sometimes  indicated  when 
a  satisfactory  reduction  cannot  be  otherwise  obtained.  A  small 
fragment  of  bone  may  become  interposed  between  the  fractured 
surfaces  and  require  removal  before  the  deformity  can  be  cor- 
rected. Direct  reposition  of  the  fragments  through  the  incision 
will  be  all  that  is  required  in  most  eases. 

The  common  fracture  of  the  lower  end  of  the  radius  is  best  ap- 
proached through  a  longitudinal  incision  on  the  outer  side  of  the 
wrist.  This  incision  exposes  the  radial  artery  and  nerve  and 
the  extensors  of  the  thumb.  Under  cover  of  the  posterior  lip  of 
the  wound  will  be  found  the  radial  extensors  of  the  carpus.     The 
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f'oui'sp  of  tlip  nidial  artery  is  sooietiiiips  aiioiiiMlous,  wintliiig  armuW 
the  lower  fourth  oF  tlie  radius  instead  of  passing  through  the  ann- 
tomieal  snuff-hox.  This  conditiou  luay  he  reeogtiized  by  palpating: 
the  artery  even  Iiefnre  the  incision  is  made.  Olilitpit*  (*ollrs*  frae- 
ture  and  some  of  the  atypieal  breaks  seen  in  the  lower  end  of  the 
radius  may  need  some  form  of  internal  fixation  to  prevent  reeur- 
renee  of  deformity.  The  plaeini:  of  this  material  will  depend  en- 
tirely on  the  nature  of  tlu'  fracture  junl  tfie  eharaeter  of  the 
displacement.     In    ohlii|Ui*    fractures    wfiieli    eannot    otherwise    be 


Fig.   392. 


Fig,   393. 


Fig:,  392. — Skinprnm  Nhowiinf  nidial  ppiphy^iH  displaced  to  llie  radial  side  andi  « 
portion  of  the  shaft  of  the  b(iTit>  cnrru'd   «'i(h  it.      (Hduliold- — Junrnai  A,  Af .  ij 

Fig.  393. — SkJAirrnTii  ^linuinK  tbo  dt'tarlieti  frKgiTieiit  nailfd  to  the  hhtkfX  of  the 
bone.      (Hftulwld^ — Jourunl    A.    XI.    A) 


maintained  in  redurtion  a  small  loop  of  wire  passiug  through  the 
fraji:nu'nts  will  often  aeconiplish  all  that  is  desired.  In  instanees 
of  iuu)Uouneed  radial  displaeenui'Ut  of  the  lower  fragment  a  satis- 
faetory  fixation  may  he  nhtairird  in  some  easu?s  by  nailing  the  lower 
fragment  to  the  upper  as  shown  in  Fig,  393,  Epiphyseal 
separations  seldom  ret (u ire  operative  intervention.  Oeeasionally  an 
untoru  periosteum  may  otTc*r  resistanee  to  the  reduction  of  a  dis- 
plaeed  eiupliysis  ami  it  may  be  neeessary  to  divide  this  1i.s,s!ie  be- 
fore the  deformity  can  be  corrected.  Recurn*uce  of  deformity  in 
an  epiphyseal  separation  may  U-  due  to  a  eompHeatini^  fracture  of 
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ihe  diapliysis  <  set»  Fig.  341) )  and  to  prevent  Ihis  tt*Hrlenev  to  dis- 
plaeenient.  it  may  be  neet».sanry  1o  wire  the  frsi^nneiits  of  the  di- 
aphysis  together. 

Comf>onnd  fraetnres  o?  tln^  low^r  vnd  of  ihr  radius  should  be 
treated  aeeording  to  the  prinriples  as  hiu]  down  under  the  headiup; 
of  "Treatment  of  Coni[)nuiid  Frcict urrs  and  Dislocations/'  page 
789. 

In  some  canes  of  eornndnution  of  tW  lower  end  of  tlie  bone  a 
circular  wire  will  so  bind  the  fraiznit^nts  tosrether  tluit  the  t^oni- 
niiiuited  boTjy  area  is  Urougbt  eh^scr  toirrtbi^r  aud  the  dtdonnity 
lessened.  In  olber  eases  the  eornnunutiuu  may  be  so  i^xtensive  that 
operative  procedure  is  not  advisablt^ 

Old  cases  of  Colles'  Fraeture  with  drfnrinity  and  pronouneed  loss 
of  funetiou  may  requir*'  opt  I'ation  for  the  correction  of  ihe  de- 
formity and  the  breaking'  u^^  of  adfiesions.  This  operation^  how- 
ever, should  not  be  uudertukrn  without  a  fiireftd  study  of  tbe  ease 
including  an  X-ray  examiiiation.  One  should  deteriuinc.  as  far  as 
possible,  how  much  of  tbo  loas  of  function  is  due  to  the  deformity, 
and  how  much  is  tbe  result  of  joint  and  tendon  adhesions,  and 
whether  or  not  there  is  a  rarifyin^  osteitis  of  tbe  lower  end  of 
the  radius.  The  loss  of  fuii<diou  is  more  often  due  to  adhesions 
than  to  deformity ,  and  hvuvt*  the  «:t latest  good  will,  iti  most  I'Hses, 
result  from  a  breaking  up  of  thesi*  adhesions  under  anesthesia, 
without  incision  of  the  parts  or  refrarture  of  tbe  bone.  Hect^nt 
cases  may  be  refract nrcd  without  incision,  i^rovithnt  tbe  condition 
is  not  more  than  three  or  four  weeks  old.  It  is  usually  best,  how- 
ever, to  produce  refracture  tbrou«?b  an  incision  since  more  at'curate 
work  can  he  done  in  this  way» 

Aft€r- Treatment, — The  case  should  be  seen  <iaily  for  the  first  fpw 
days  to  adjust  the  dressing's  to  tbe  varying  size  of  the  forearm 
and  WTist  durinc::  the  onset  and  subsidence  of  traumatic  sw*elliug, 
Rei*urrenee  of  deformity  should  be  watidied  for  and  corrected  if 
it  occurs.  Disturbance  of  thr  circubitiou  or  pain  (<*siH'cially  in  ttie 
region  of  the  three  pressure  jmitits)  rails  for  readjustment  of  the 
dressin^^s  and  iTJspe(*tion  of  tla^  rrj^iou  of  fracture.  The  three 
pressure  points  just  r<HVrrcd  to  arc  the  li^-ad  of  the  ulna,  tin*  basfs 
of  the  second  and  third  metacarpals  and  the  tlieimr  eminence, 
t  jidiii*  pressure  at  tbest*  points  may  lead  to  slouch in«r  of  the  soft 
tissut>s  which  is  a  painful,  auiioyin*:  and  serious  complication.  Tbe 
lower  end  of  the  anterior  splint  shoidd  l»e  cut  away  on  the  radial 
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skip  to  avnirl  prf^ssiire  on  the  thenar  eiiiinonre  as  alreatly  fleserihpd 
ill  the  treatniPiil  of  *'Frat!turps  of  the  Kadial  am!  I  liiar  Shafts*' 
on  page  224*  The  posterior  splint  should  be  well  parided  oppo- 
site the  hand  and  wrist  to  avoid  nndiio  pres^nre  on  the  head  of  the 
ulna  and  tJie  bases  of  the  metacarpals.  If  unusual  diffienlty  is 
experienced  in  avoidincr  prefisure  on  these  points  the  pastenor  splint 
may  have  holes  drilled  thron^li  it  eorrpspondinnr  to  these  promi- 
nences and  the  padding  reapplied.  Pain  shonld  not  be  pronounced 
after  six  or  eiirht  hours.  The  fingreiii  nmst  he  moved  daily  during 
the  entire  course  of  the  treatment.  Imiuohili/iitio]i  of  the  lintjers 
is  followed  by  a  loss  of  function  which  ih  probably  worse  than  the 
sum  total  of  untoward  symptoms  seen  in  untreated  cast^.  It  is 
mueh  more  im|iortant  to  secure  a  good  functional  result  than  it 
is  to  havt*  the  fra^'nifuts  in  p<*rfcct  auato!uical  relation,  and  it  must 


F'tg.  a04, — Colle*'  fracture  jibtmi  twf  jit^v  fcmr  hours  foUowinie  accident*  DUplaec 
mont  of  frapnent  uli^ht  but  truiimatic  reaction  proncmui-f»d.  J<weTliii>:  mA«kjj  deformity 
l«  greiit  ext*?nt.  It  %«■  duHnc  ihe  first  twi*nly  four  or  iortycigbt  hours  tb»t  there  it 
dnnircr  of  the*  cimUnlion  b^^iniK:  i ntprf i^rwl  with  as  a  r**suH  of  the  fori*arm  swelling  within 
thp  drepi»iiiES.  U  i«  therefore  impprtitivi*  ihal  the  frHt  dr^Mflin||$ii  be  loo^d)'  Applied 
»nd  the  mcinb(?r  cloweli'  w'tttrb<'d  for  ftiirnh  of  ittrang^tiilation.  ( Se«  Figs,  318.  319  iind 
820,) 

not  he  forjjotten  that  funef mn  depends  more  on  the  early  and  free 
passive  motion  of  the  fingers  and  thumb  dnriuj^  treatment  than  on 
anything  else.  The  older  tbe  patient  tht*  more  important  is  pas- 
sive motion.  At  the  end  of  a  week  or  ten  days  the  posterior  splint 
may  hp  disjiensed  willi,  and  l*oth  may  be  discarded,  iu  the  average 
ease,  two  weeks  from  the  time  of  accident.  A  strip  of  adhesivr- 
ruay  tliPii  be  placed  about  the  wrist  and  the  forearm  carried  in  a 
slin|[^  with  the  hand  hangin*?  dependeid  in  a  position  of  ulnar 
flexion.  In  some  cases  the  posterior  sjdiut  Tuay  be  retained  for  a 
week  or  t*^n  days  lorifrcr  as  a  pn^cautinn  ai,^aiust  exteriud  violencp 
This  is  particularly  jHlvisablc  in  the  trcatuient  of  children.  Old 
patients  should  be  allowed  more  time  for  union  to  take  place.     Un- 
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necessary  strain  to  the  wrmt  should  Ix/  avoidt-il  for  a  moiitli  or 
more  following  removMl  oC  dn^ssiu^s,  but  the  patient  should  bo 
urged  to  use  wrist  and  fingers  freely  sa  that  funetion  may  ht*  fully 
restored.  In  favorable  eases  irontle  passive  motion  of  the  wri^l 
should  he  begun  as  early  a^  the  end  of  a  week  or  ten  days  foHow- 
ing  injury  and  kept  up  d*iily  until  UTiitui  is  jireisi^nt  and  funetion 
restored.  Hot  water  aud  massage  are  of  serviee  in  restoring;  the 
parts  to  normal  free  funetion  and  .should  be  persisted  in  until 
r<H?overy  is  emnpli^e.  The  after-treatment  of  atypieal  fractures 
and  epiphyseal  separations  of  the  lower  end  of  the  radius  involves 
the  same  prineiples  as  already  given  in  the  after-ean'  *if  a  typical 
Colles'  fracture. 

Prognosis,— Ht^ny  union  is  well  established  at  the  end  of  three 
wrecks  in  the  Ijralthy  youni:  adult,     ('<nrii>lete  supination  will  usu- 


I'm.    ;^M,, 

Fliif*.  395  and  306.— €hariiel**n§tic  deformity  follow ini;  incomplHc  rcduclion  of  an 
obKoiitt  Cittliw'  frnctiir«>»  Sole  aliicht  iiilvt>r  fork  rlnformitv  nn^  ininhvp^rat^  thir^kcntnic 
of  Uif  wTi«t  wbifh  riHMiltK  irmn  rupliirt'  of  iho  lowi-r  rndio  ulnar  liifAinent  of  fraiiture 
of  ii1n*r  iijyloid.  r,jil**r(i]  rind  %'piilrnl  frtoTTipinK  wf  li>w**r  otid  of  ulna  iippnrcni.  Cusn 
Ami   nvrii   Uy    uuOior  ul    liirif   thii»   pbttto^rnpli    waft   tcikeii. 

ally  be  the  last  motion   to  be  fully  restoivd;   this  is  particularly 
Iruo  in  instances  in  which  the  lower  radioulnar  articulation  has 


t 


Flic,  397, — Aiuith«T  Ottiic  fif  liroadeiTHiJ  wri'-t  f4inawiniir  in«'otiiplf te  riMlTirtitjn  *>f 
roKi'**  fnii'lurc.  Pnlk-nt  iirraiMiU  Uini*<*»If  for  iiviiUri(*fil  Ikm'uua**  »t  sla^  reoov^ry  »nJ 
iiiabilily   to   iiM'   hunil,      Wrint   at'ttf,    itnnif\i\,   Hr.      Chh**  flr»t  K^n    hy   Biitticir  lit   t»nic  thin 


Fig.  3»W.— Another  cii*e  of  ilow  und  ini.om{ilH<>  rt'covfry  foUowiujc  CoIIp*'  frnrturi' 
In  ibisi  ("as*  the  rt»dactio«  haft  b*eii  excellent  bul  llifr  iifter'tri*atfnffit  hftn  li*en  (ruiltv 
ill  thut  ihi-"  pntienrri  huml,  wri^t  and  fingern  wer<p.  coniplHrly  immobihted  for  ji  period 
of  six  wi.*t»kB.  Adhesion*  hi'twecn  tlu*  joint  surf»r«*<M  ond  vrithin  Ihe  tendon  nKenthii  ?i»vt» 
rfwiillfd  «nd  ihe  X-ray  diHcloHet*  an  ostt'ilisi  of  ibi?  f-nrpufi,  Putii^nt  ?i  "i  rrrtri?  of  mt^. 
<S<m   Fig.   39fl,)      r»«it*   first   si***!!   by    >iutlu.>r   ul    the   timi*  tbi«   pirtur**   w  i  f    > 


Kigf.  399, — tJfitcittH  of  tb«  cMirpii»  nnd  h»i«e»  of  tb*'  motiirnrpa^  followinc  »  Colk»»' 
fmctwre  in  wbii'b  ibi*  coiulition  wo*  treiili?di  hy  prolonged  iitiitiobiluMlion,  This  roudl 
tion  iR  nut  ijiicoinmon  tn  pnlUMit^  \nir.i  middle  life  in  whii^b  th«*  partK  nvtn  Immobiliipd 
fttr  Urn  Uing  II  iH'iiod.  A  i-oudilinn  o^wh  nt*  this  in  vtiry  murb  w»ftii»r  to  nvuid  than  it  i» 
to  ti-t»nt,  after  it  has  lierump  ehtabliRhed.  It  jthcmld  be  PcmfUibiTed  tbat  th*»  fHiAs^iitility 
of  frn*'turp  in  brti^akm^r  up  udbcakmh  i»  greater  in  a  taete  like  IhU  tban  it  would  be  if  llu- 
t'jirpal  bonefl.  were   normal. 
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E*ii  broken  up  or  hi  ea.si-s  in  wliii'h  the  t'njcture  lias  entered  the 
sigtiioiil  cavity  of  tlie  rail  ins.  In  ohier  jit^rsons  restorntioii  of  fnnc- 
tion  is  much  slower  and  adhesions  in  and  about  the  tendon  sheaths 
and  in  the  wrist  joint  are  more  prone  to  o(*f*nr  and  are  important 
t*I»'nK*nt8  in  restricting  motion.     The  conijdete  restoration  of  fune- 


Fi*j.    401. 
rMiiiiin'inri*    of    the    hnnd    fullavi,  jiiir    roll*-*''    frtu'tur*'.      N>rvf« 


^^  I' tir^.  I*'"»  Hiul  U'l  -rMiiiiin'inri*  of  the  hand  fullavi,  jiiir  roll*-*''  frtu'tur*'.  N>rvf« 
iujurf*!  fithiT  M  tht*  Unw  i>f  lite  iicrifitMit  ur  iluririK  titi'  afl^r  irttttliufiit  rrtun  tot*  ti^hl 
Imndftfinf^  1  iirlirMtinii  of  hi^ici lining  rtftili  rirtiifi'  f^rKt  unt«>(l  ill  ttio  tiuir  \he  Kplinth  were 
»-"«'wml.      Ftr%;l  *i't'ii  h;^'   iiutlmr  iibnul  tMi£hl**tMi   moiitliJH  uttvr  the  injury. 


tioJi  depends  more  on  \ho  vnrly  and  pei'sistent  nse  of  passive  mo- 
tion than  on  tfie  anatomii:d  rediuiioii  of  Ihv  dis|ihieement.  Thl^ 
prognosifl,  therefon^.  is  moiv  or  less  dircelly  dept^nch^nt  on  tlie 
proper  use  of  pasisive  motion  dnrinMr  tVie  after-trealnu'nt.  In  some 
cases  joint  antl  tendon  adhesions  and  rarifyiny;  osteitis  (h^n'lop  in 
Rpite  of  the  most  careful  treatnient   (sec  Fi^*  3^>9)   hut  tht'st*  i-on- 
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ditions  are  fortunately  rare  in  cases  receiving  the  proper  care  dur- 
ing the  after-treatment.  Restricted  motion  of  the  wrist  and 
fingers,  and  slight  pain  especially  in  tlie  region  of  the  ulnar  styloid, 
are  conditions  which  may  persist  for  months  but  will,  as  a  rule, 
pass  off  with  massage  and  hot  applications.  The  more  faithfully 
passive  motion  is  carried  out  during  the  time  the  wrist  is  immobi- 
lized the  less  pronounced  will  be  these  annoying  sequela*.  Destruc- 
tion of  bony  tissue  in  the  lower  end  of  the  radius,  such  as  occurs 
in  impaction  and  extensive  comminution,  may  render  accurate  re- 
duction, even  under  operation,  impossible  and  lience  some  deformity 
will  result,  but  this  does  not  necessarily  mean  any  considerable  loss 
of  function. 

An  ordinary  uncomplicated  Colles'  fracture  which  is  properly 
reduced  and  treated  should  be  followed,  in  a  healthy  adult,  by 
complete  restoration  of  function.  In  older  patients  a  perfect  func- 
tional result  will  be  more  difficult  to  obtain.  In  atypical  fractures 
of  the  lower  end  of  the  radius  the  prognosis  will  vary  with  the 
severity  and  character  of  the  fracture.  Uncomplicated  epiphyseal 
sepaiations  of  the  lower  end  of  the  radius  should  be  followed  by 
perfect  results  both  functionally  and  anatomically  if  the  epiphysis 
is  properly  reduced.  Disturbances  in  the  growth  of  the  radius 
an*  rarely  seen  following  epiphyseal  separations,  if  anything  like 
a  J  ;M-ft»ct  reduction  has  been  obtained.  Even  in  cases  in  which 
pioiiouiuMHl  displacement  is  allowed  to  persist  defective  growth  is 
larelv  seen. 


CHAPTER  XX. 
TN4T  RIKS  TO  THE  (  ARPUS, 

Under  this  headintr  is  int'liuitnl:  radio-carpal  luxations  (oom' 
niooly  spaken  of  as  dislocations  of  the  wrist),  iTiedio-eiirpal  liixa- 
tiotis»  and  fractures  and  disloeatiotis  of  the  individual  rari»al  bones. 

Siirgical  Anatomy, — The  strength  of  the  wrist  is  such  that  when 
subjected  to  violence  fracture   is  more   likely   to  oeeur  above  or 
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Fiffs.  402  and  i03. — Vtmtml  *tid  dori»al  vicwA  of  UgameiKA  of  hand.      f7..  ulnii;  JK., 

below  this  regiou  than  in  the  carpus  itself.     The  ligauients  bind- 
ing the  bones  of  the  forearm  to  the  carpus,  those  between  the 
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carpus  and  inptaea?*piis,  and  Hie  intpr-rarpal  ligaments  are  all 
heavy  and  strong  but  the  iiiaiu  stren^tii  of  the  wrist  is  dependent 
ou  the  DunierouH  and  heavy  tendoDS  which  pass  from  the  forear4H| 
to  the  hand,  and  are  l)ouiid  firmly  to  the  bones  by  the  annular^ " 
ligaments  and  the  fibrous  compartments  throu^di  which  they  run. 
It  should  be  remembered  that  though  the  earpua  is  actuated  by 
the  tiexors  and  extensors  passiuj^  from  the  forearm  to  the  hand, 
only  one  of  these  muscles  is  iiisert»^d  into  the  carpus.  The  flexor 
caipi  ulnaris  is  inserted  into  the  pisiform  but  since  this  bone   is 


n 


Kl«.  4ti4.— IloiH'*  of  n«rmiil  wrUt.  1  M,  2  M,  3  M,  4  M,  and  5  M  indknle  n»e»ii 
»^tir\tml» ,  Tm.,  Trnpetiuvn:  TtL,  'rriiip«»t4»»«i ;  <}.M.,  On  Magnum;  T,,  Unciform;  C,  Cuii^i- 
iwm,   /',,   I'ipkifnrtn;   Si,,  HpiniluiiMf;   He.,  Sciiphoid';    li,   I'liia;   K.,  Radius. 

funt'fionally  a  Hcsarnoid  bone  and  not  truly  a  bone  of  the  carpus 
We  nuiy  coiLsidn-  thu  enrpns  as  free  from  the  insertions  of  the 
rrinHcb'S  of  Un*  forenrm.  Thus  the  eart>u.s  is  actiu-itcti  indireelly 
ihronKh  tlic  metarari>Hl  han<^s.  Some  of  the  intrinsic  muscles  of 
ihi*  harifl  arisi-  from  the  ventrtil  surface  of  the  lower  row  of  carpal 
honcH,  but  llu'ii"  at'tion  is  on  the  mt4arari(UH  rather  tlian  the  carpus. 
The  raifio-titrimf  or  irrlsi  joitif  is  a  condyloid  articulation.  The 
articnhir  surface  nf  thr  Iowit  cud  of  the  mdius  antl  the  inferior 
Kurfnc**  of  tht*  IrinuLMilar  fihro-cartilajyre  forni  the  socket,  while  the 
uf»[ier  surfaces  of  the  scaphoid,  semilunar  and  cuneiform   bones 
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form  the  condyle.  ^Fotioji  of  this  artiLnilatioii  is  fiossible  in  evt-ry 
direction  except  axial  rotation.  The  phmc  of  the  radio-carpal 
joint  is  on  a  level  with  the  tip  of  the  ulnar  styloid.  Luxations  of 
this  joint  may  take  place  in  any  direction  but  are  extremely  rare: 


Fif.  407, — Example  of  aiioinftl<»us  «^«>ittrii]i* 
Vig.  40d* — Space  in  rurpu*.  forreKiHinrli 
|irftt«iil    though    tKf    etnliryonic    f^Wnpiitit    4>iii 


Fig.   40H, 


liens  of  oBatsrfttton 


hi£   to   Kiti^  of   i<e  11  trull?.      ^\TfoiitBiU)>ui   <M>|idiMnQ 
UTtn^;    into    foraitttion    of    centrale    show    nu 


only  a  few  eases  of  eaeh  type  litivin*^  been  reeorded.  CoUes'  frac- 
ture is  frequently  mistaken  for  disloeation  of  the  wrist,  and  the 
cas4?s  of  this  luxation  reported  prior  to  the  advent  of  the  X-ray 
are  particularly  untrns^tworthy.  Disloeation  of  the  wrist  eompli- 
eated  by  fracture  of  the  lower  end  of  thi*  radius  is  not  nearly  as 
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iineommon  as  \\w  puro  luxatioiL  When  the  parpus  is  displaced 
haekward  and  upward  and  the  [posterior  lip  of  the  radius  is  broken 
off  and  diaplaeed  with  the  earpus,  the  eondition  is  known  as  Bar- 
ton's fracture  arid  has  l>een  descrifjed  under  '*Fraetures  €»f  the 
Lower  End  of  the  Kadins/'  When  the  reverse  eondition  obtains, 
that  iS|  when  the  ventral  lip  of  the  radius  is  hroken  oif  and  dis- 


Filf.    409, — f>ld     nnitetl    frnrture    o/    Hciiphoul. 


Fig.    410,^-Frai-iure   ^f 


Pi  If.   41L — -Fracture   of   KCiipliwid, 


placed  forward  and  upward  with  the  carpus,  it  is  known  as  a 
** reversed  Barton  s  fracture/'  Lateral  luxations  of  this  .loinl, 
either  with  or  without  fracture,  are  too  rare  to  he  considered  as  a 
type.  It  is  probable  that  a  large  proportion  of  the  reported  eases 
of  hixation  of  the  railiocarpal  joint  (espceially  those  not  exaniineil 
with  the  X-ray)  liave  in  reality  been  Colles'  fraelureii  or  at  h^ast 
fracture-luxations  of  Barton  's  type. 
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Fiff.   412. — FrftcturtMi  cuneiforoi. 


Fig.   413,  Fijc.    114. 

nil    tiud    414. — AulenHi»OMti'rii»r    nnd   ki)i<^rnl   vif»w«   nf   luvnti>d    ftf'riijluniir. 
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Luxations  of  the  ntcdio-cfirptil  articuiation  probably  never  oceiir 
as  a  purti  dislocation^  following  actnirately  the  lines  of  the  medio- 
earpal  articulation*  They  are  usually  coniplieated  by  fracture  of 
one  or  more  of  the  carpal  bones  with  displacement  of  the  fragments. 

Isolated  fractures  and  luxations  of  the  carpal  bones  arc  not 
very  unconnnon  injuries  and  are  now  known  to  accompany  frac- 
tures of  the  lower  end  of  the  forearm  more  frequently  than  was 
supposed  prior  to  the  estalHishment  of  tlie  Hojiti^en  ray  as  a  diapr- 
noslic  measure. 


Fig.   41o.  ¥lg.    JIG. 

Figs.   4X5     Bud    410. — QUI    Colkn*    frtirture    showing    unuiuit^d    fmclurw    of    uIuaj 
)id    ttnd    an    ttt 
"divided  Ksaphoid.** 


styloid    ttnd    an    ttbtmrmul    condhian    in    I  tie    Rcaptjoid. 


Eitlitir    an    old    frHCturo    or    » 


A  study  of  thi-  X-ray  records  of  thi'se  iujnri(.\s  lins  brought  up 
a  moat  inijiortant  and  eonfusinj?  subject;  namely,  tlve  anomalies 
of  the  earpal  bones.  The  development  of  the  carpus  shows  con- 
siderable variation  and  anomalies  of  the  hones  of  the  carpus  are 
eoniparatively  of  frequent  occurrence.  It  will  be  impraetieable, 
here,  to  enter  into  all  the  possible  variations;  the  reader  is  referred 
to  the  most  excellent  and  thorough  work  doiie  by  Thomas  Dwigbt, 
as  set  fortli  in  his  book  on  *' Variations  of  the  Bones  of  the  Hand 
and  Foot/'  Occasion  will  be  taken,  however,  to  call  attention  to 
some  of  the  more  cofnnion  anomalies  whieii   are,   at  times,   eon- 
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founded  with  fracture,  AiiotnalieH  may  consist  of  supernumerary 
hooes,  diip  eith**r  to  tlie  pi^rsistenw  of  euibryouic  eletnents  or  to 
the  divihiou  of  one  or  more  of  the  carpal  bauf^s.  Another  form  of 
anomaly  is  seen  in  instances  in  which  two  or  more  of  the  carpal 
bones  are  fused,  or  in  which  fusion  lias  taken  place  between  an 
accessory  bone  and  one  of  the  hones  of  the  carjuis.  These  anoma- 
lies of  fusion  are  of  anatomic  interest  only,  since  there  is  no 
fXM'Rsion  for  nitstHkiii^  tliern  for  frnctnns  as  is  the  case  whex^  super- 


Fif.   417, —  'J>ivid«?d    scBphMid/ ' 

niimemry  bond's  nw  pn»seiu  or  when  one  of  the  hones  of  the  carpiis 
is  divided. 

The  following  anomalies  are  described  in  detail  by  Dwight,  and 
from  a  surgical  standpoint  are  the  most  impt^rtant  occnrrin«T  in 
the  rnrpus. 

The  scaphoid  is  not  uncommonly  divided,  either  partially  or  com- 
plt'telji  into  two  lateral  portions.  An  example  of  this  condition 
is  shown  in  Fi|^,  417,  This  anomaly  resembles  fracture  of  the 
iK'aphoid. 
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The  semilunar  sometimes  gives  the  appearance  of  being  divided 
into  a  palmar  and  a  dorsal  portion,  but  this  is  probably  due  to  an 
accessory  bone  to  be  spoken  of  later  (the  epilunatum). 

The  cuneiform  varies  considerably  in  both  size  and  form  but  sel- 
dom presents  any  anomaly  which  might  be  mistaken  for  fracture. 

The  pisiform  may  show  some  variations  in  size  and  shape ;  there 
may  be  an  accessory  pisiform. 

The  hamular  process  of  the  unciform  may  be  separate  from  the 
body  of  the  bone  and  the  line  of  division  may  be  mistaken  for  a 
fracture. 

The  epilunatum  and  hypolunatum  are  two  accessory  bones  which 
(when  present)  are  situated  at  the  tips  of  the  crescent ic-shaped 
semilunar.  The  dorsal  anomaly  (the  epilunatum)  is  more  fre- 
quent and  usually  of  larger  size  than  the  hypolunatum  which 
occurs  opposite  the  ventral  horn  of  the  semilunar.  The  epilunatum 
is  sometimes  well  developed  while  the  semilunar  is  correspondingly 
smaller  than  usual.  This  condition  gives  the  appearance  of  a  di- 
vided semilunar  and  may  he  mistaken  for  fracture. 

The  styloid  process  of  the  middle  meta<:arpal  is  sometimes  free 
and  appears  as  a  supernumerary  bone  in  the  carpus. 

The  centrale  is  a  supernumerary  ossicle  sometimes  seen  between 
the  OS  magnum,  scaphoid  and  trapezoid.  An  example  of  this  con- 
dition is  shown  in  Fig.  407.  Fig.  408  shows  the  same  condition 
except  that  the  anomalous  structure  has  never  ossified,  though  the 
space  for  its  accommodation  persists. 

Fig.  405  shows  an  example  of  the  triangular e  which  may  be  mis- 
taken for  a  fractured  ulnar  styloid. 

The  radiale  externum  is  an  accessory  bone  situated  on  the  radial 
side  of  the  scaphoid  and  is  said  to  be  the  separated  tubercle  of  the 
scaphoid. 

The  ulnare  externum  is  an  accessory  ossicle  on  the  ulnar  side  of 
the  carpus  internal  to  the  cuneiform. 

The  subcapitatum  is  an  accessory  ossicle  situated  at  the  base  of 
the  OS  magnum.  It  is  said  to  represent  the  detached  base  of  this 
bone. 

Numerous  variations  may  occur  in  the  carpus  which  have  not 
been  mentioned  but  those  cited  above  are  the  ones  most  likely  to 
be  confused  with  fractures  in  this  region.  The  recognition  of  these 
anomalies  and  their  differentiation  from  fractures  of  the  carpus 
will  be  considered  later  under  Diagnosis. 
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The  bones  of  tlie  wrist  begin  to  ossify  in  the  following  order: 
the  OS  magnum  and  the  unciform  during  the  first  year,  the  cunei- 
form during  the  third  year,  the  semilunar  and  trapezium  during 
the  fifth  year,  the  scaphoid  during  the  sixth  and  the  trapezoid 
during  the  eighth  year.  The  pisiform  begins  to  ossify  anywhere 
from  the  eighth  to  the  twelfth  year. 

The  scaphoid  is  occasionally  broken  as  a  result  of  forces  similar 
to  those  producing  Colles'  fracture.  The  line  of  fracture  is  usu- 
ally across  the  middle  of  the  bone  as  shown  in  Pig.  411.  This 
fracture  is  not  an  uncommon  complication  of  fractures  of  the 
lower  end  of  the  radius.  A  fragment  of  the  scaphoid  may  be  dis- 
placed or  luxation  of  the  entire  bone  may  accompany  fracture  of 
the  lower  end  of  the  radius  or  some  of  the  other  bones  of  the 
carpus.  The  few  reported  cases  of  uncomplicated  luxation  of  the 
scaphoid  have  been  of  the  backward  type  and  were  probably  due 
to  forced  flexion  of  the  wrist.  Forward  luxations  seem  to  be  in- 
variably complicated  by  some  other  lesion,  such  as  fracture  of  the 
lower  end  of  the  radius. 

The  scmilioiar  is  rarely  fractured  as  an  isolated  injur>\  Luxa- 
tion of  this  bone,  however,  is  not  uncommon  and  may  be  accom- 
panied by  fracture  of  tlie  scaphoid  or  other  lesions  in  the  adjoining 
carpal  bones  or  in  the  radius.  The  displacement  in  luxations  is 
almost  invariably  forward,  the  bone  apparently  being  driven  from 
its  position  among  the  other  carpal  bones  by  forced  dorsal  flexion 
of  the  wrist. 

The  cuneiform  is  rarely  injured  except  in  general  crushes  of  the 
carpus. 

The  nnciform  is  rarely  injured  except  as  the  result  of  direct 
violence,  though  a  few  cases  of  isolated  luxation  have  been  reported. 

Both  fracture  and  luxation  are  occasionally  seen  in  the  as  mag- 
num though  the  latter  condition  is  almost  always  partial,  or  more 
properly  a  subluxation.  The  displacement  is  backward  and  the 
result  of  forced  flexion  of  the  wrist.  Chronic  subluxations  of  the 
head  of  the  os  magnum  may  result  from  heavy  manual  labor,  espe- 
cially in  children. 

Both  fractures  and  luxations  of  the  trapezium  and  trapezoid  are 
exceptionally  rare  as  isolated  injuries. 

The  pisiform  is  known  to  have  been  broken  through  the  action  of 
the  attached  flexor  carpi  ulnaris  and  luxation  of  this  bone  has  been 
reported  a  number  of  times.     The  pisiform  is  sometimes  broken  as 
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a  rpsult  of  flirept  violeiat*e.  The  position  of  this  bone  is  more  ex- 
posed than  otlier  bonos  of  the  carpus.  The  displacing  action  of 
the  tlexor  earpi  uliiaris  may  separate  the  fragments*  Rupture  of 
the  piso-inetacarpal  and  piso-uncinate  (the  etpuvalents  of  the  ten- 
don below  the  bone)  may  resnlt  in  an  npwai^d  hixalion  of  the 
pisiform. 

In  crushing  injuries  of  the  carpus  any  or  all  of  the  bones  may 
W  injnrt'd,  depending  on  the  nature  ami  severity  of  the  trauma. 

Symptoms,^ The  symptouis  aerouipanying  fractures  and  luxa* 
tions  of  the  carpus  depend  on  the  nature  of  the  it) jury  ajtd  the 
position  of  the  resultant  lesion  or  lesions. 

In  tlLslotation.^  of  ihf  wrisl  (radio-ear[>al  joint)  the  carpus  is 
us'ially  displaced  backward.     The  deformity  is  h>w  ami  alirupt  iu 


fteridi^nt.  Skin  is  th**  only  tisHUi'  connnTtinK  fure^Hrm  nml  kninl.  Riihbur  lourokiuet 
«li  ill  poBltlnn  hnving  twi^ii  applii^il  tn  sMHttru)  Yn'murrliuKu  iiniUHdiaioly  followinff  ncci- 
Hi.      Plcturo  Uikt^n  iuat  priqr  to  nmpul-&iiDg, 

outline  and  tlu'  extensor  teudous  stand  out  f»rominently  as  they 
pass  from  the  dorsum  of  the  forearm  to  the  hack  of  the  hand. 
The  clinical  appiaraiice  of  this  di*fcirmity  is  well  shown  in  Fig. 
379.  Palpation  of  the  lower  imd  of  tlic  radius  will  show*  that  this 
bone  is  intact  if  the  condition  is  a  pure  luxation.  Pain  and  loss 
of  function  aeeomi)any  the  injury  and  are  pronounced.     Swelling 
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dovelops  rapidly  ajnl  if  the  ease  is  not  set^ii  soon  after  the  ii evident 
t]u*  dptormity  is  to  some  extent  obseurefl.  If  tliis  luxation  is  eorti- 
plicated  by  fraetiire  of  the  lower  end  of  tlie  radins  crepitus  will 
he  present  and  there  is  likely  to  be  a  tendency  to  recurrence  of 
defoniiity  followinj^  red  net  ion.  In  the  anffrior  form  of  luxation 
tlie  deforitdty  is  of  the  irardener  Vspade  type  and  resembles  the 
displaeeinent  sct^i  in  reversed  Colles'  fracture.  The  deformity, 
however,  is  lower  anrl  more  abrupt  in  ontliue  and  the  posterior  lip 
of  the  lower  end  of  the  radius  stands  ont  prom i tie ntly.  Since  this 
luxation  is  frequently  coniplieated  by  fraefure  of  the  lower  end  of 
the  radius  crepitus  may  he  present. 

The  symptoms  aecom|>anying  mfdio-cnrpal  iaxations  closely  re- 
siTubh*  thosf  of  dislocation   of  the  radio-earpid   articulation.     The 


Fift  4'j:l. — '^li«:lit  ril^'formiiy  fnllnwinK  roinpounf]  rnishini;  injury  of  the  lower  end 
of  ulfia  iiufl  rndluei  And  the  ulnar  aide  of  rarpiis.  Wri»^t  yvnt*  caughi  in  Ittrge  i^KArs. 
Piftur*-  iaki*n  *Hinn»  y*>iirii  nfier  nn'overj . 

deformity,  however,  is  sli|rhtly  lower  and  it  may  be  possible  to  pal- 
pate the  |>roxinud  row  of  carpal  liones  in  their  nornud  relations 
with  the  radius.  Since  this  hixatiou  is  practically  always  compli- 
cated by  fractnre  of  the  carpal  hones  or  of  the  lower  end  of  the 
radius  erepitiis  is  to  be  exiieeted.  The  hixatiou  may  be  either  for- 
ward or  hackward  and  aceordint^ly  the  deformity  nmy  be  either  of 
the  silver- fork  or  gardener 's-sjiade  variety. 

The  symptoms  accompanyiiJii  isolated  fractures  and  luxations  of 
the  carpal  bones  are  imlistinet  and  not  characteristic  as  compared 
with  other  lesions  in  this  region.  This  will  he  fonnd  particularly 
true  in  eases  in  which  sw^elliofr  is  pronounced.  The  following:  symp- 
toms, how^ever.  are  more  or  less  peculiar  to  lesions  of  the  different 
bones. 
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Fracture  of  the  scaphoid  is  usually  accompanied  by  local  tender- 
ness in  the  ''anatomical  snuff  box."  The  hand  may  be  slightly  ab- 
ducted and  the  vertical  depth  of  the  radial  side  of  the  carpus  may 
be  somewhat  diminished  if  the  scaphoid  has  been  crushed  or  com- 
pletely luxated.  It  may  be  possible  to  elicit  crepitus  and  in  some 
cases  it  may  be  accurately  enough  located  to  be  recognized  as  ema- 
nating from  the  scaphoid.  Isolated  luxation  of  the  scaphoid  is  a 
rare  condition  and  the  symptoms  vary,  according  to  the  direction 
of  the  dislocation,  whether  or  not  the  scaphoid  is  fractured  as  well 
as  luxated  and  the  completeness  of  the  displacement.  Palpation 
at  the  back  of  the  wrist  may  reveal  the  absence  of  the  scaphoid 
from  its  normal  position  if  the  luxation  is  ventral,  or  on  the  other 
hand,  there  may  be  an  abnormal  prominence  on  the  dorsal  aspect 
of  the  carpus  if  the  luxation  is  backward.  Crepitus  may  be  pres- 
ent if  fracture  complicates  the  luxation. 

The  symptoms  accompanying  fracture  of  the  semilunar  are  simi- 
lar to  those  of  fracture  of  the  scaphoid.  Fracture  of  the  semi- 
lunar, however,  rarely  occurs  as  an  isolated  injury,  and  when 
crepitus  is  detected  in  this  region  of  the  carpus  it  is  fair  to  pre- 
sume that  the  lesion  is  situated  in  the  scaphoid  rather  than  in  the 
semilunar.  In  forward  luxations  of  the  semilunar  the  displaced 
bone  may  be  palpated  on  the  ventral  aspect  of  the  wrist.  In  back- 
ward luxations  it  may  be  recognized  as  a  hard  prominence  just 
below  the  radius  and  at  about  the  middle  of  the  carpus. 

Fracture  of  the  cuneiform  is  practically  unknown  except  as  a 
part  of  extensive  injuries  in  which  the  carpus  is  crushed.  The 
author  knows  of  no  case  of  isolated  luxation  of  this  bone.  The 
symptoms  to  be  expected,  however,  would  resemble  those  accom- 
panying fracture  and  luxation  of  the  scaphoid  and  semilunar. 

Fracture  of  the  pisiform  is  not  necessarily'  accompanied  by  char- 
acteristic symptoms  even  though  the  bone  is  more  superficial  than 
other  bones  of  the  carpus.  The  displacing  action  of  the  attached 
muscle  may  so  separate  the  fragments  that  crepitus  cannot  be  ob- 
tained. Pain  on  use  of  the  wrist  and  local  tenderness  may  be  the 
only  symptoms.  In  upward  luxations  of  this  bone  it  may  be  pos- 
sible to  recognize  the  altered  position. 

Fracture  of  the  os  magnum  is  accompanied  by  pain  and  tender- 
ness in  the  center  of  the  carpus,  more  or  less  loss  of  function  and 
crepitus  when  the  carpus  is  properly  manipulated  and  palpated. 
The  condition,  however,  is  rare  and  easily  confused  with   other 
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fractures  in  this  refrion.  Luxation  of  this  bone  is  quite  rare.  A 
number  of  cases  of  subluxation  of  the  head  of  the  os  magnum  have 
been  reported.  Tliey  have  been  accompanied  by  an  undue  promi- 
nence on  the  dorsal  aspect  of  the  carpus,  especially  during  com- 
plete dorsal  flexion  of  the  wrist.  The  loss  of  function  produced 
by  these  subluxations  is  surprisingly  slight. 

Fractures  of  (he  irapczium  and  trapezoid  are  extremely  rare 
except  in  severe  crushes  of  this  region.  They  may  occur,  however, 
and  are  acct)mpanied  by  crepitus  and  mobility  at  the  base  of  the 
first  or  second  metacarpal,  as  the  case  may  be.  Crepitus  in  the 
region  of  the  base  of  the  first  metacarpal  is  almost  always  caused 
by  Bennett's  fracture  and  rarely  by  fracture  of  the  trapezium  (see 
** Fractures  of  the  Metacarpals,''  page  297) .  Luxations  of  either  of 
these  bones  is  extremely  rare,  and  since  only  dorsal  luxations  have 
been  reported,  the  prominence  of  the  displaced  bone  may  be  ex- 
pected on  the  dorsal  aspect  of  the  carpus. 

Fracture  of  the  unciform  is  practically  unknown  except  as  a 
complication  of  luxation  or  in  severe  crushing  injuries  of  the 
carpus.  The  process  has  been  reported  as  broken  off  accompanying 
luxation. 

Diagnosis. — Theoretically  the  diagnosis  of  fractures  and  luxa- 
tions of  these  bones  should  be  easy  but  the  difficulty  of  ascertaining 
the  exact  nature  of  these  injuries  is  shown  by  the  frequency  with 
which  the  diagnosis  is  changed  after  the  X-ray  has  been  employed. 
The  appearance  of  the  wrist  is  so  characteristic  in  luxations  of  the 
radio-ulnar  joint  that  it  would  seem  almost  impossible  to  fail  in 
recognizing  the  nature  of  the  injury.  It  is  a  well  known  fact, 
however,  that  Colics'  fracture  is  frequently  mistaken  for  disloca- 
tion of  the  wrist.  One  who  has  never  seen  a  dislocated  wrist 
should  hesitate  in  pronouncing  an  injury  of  this  region  a  dislo- 
cation unles  the  diagnosis  has  been  confirmed  by  an  X-ray  ex- 
amination. (See  Figs.  378  and  379.)  Medio-carpal  luxations  are 
extremely  rare  and  it  will  be  safer  to  make  only  a  tentative  diag- 
nosis pending  the  report  on  the  X-ray,  even  though  one  feel  reason- 
ably certain  of  the  condition. 

The  size  of  the  carpal  bones  and  their  compact  arrangement  are 
such  that  accurate  diagnoses  of  isolated  lesions  of  these  bones  are 
almost  impossible.  The  important  point  to  be  determined  by  in- 
spection and  palpation  is  whether  or  not  fracture  or  luxation 
exists.     The  treatment  of  the  diflferent   traumatic  lesions  in  this 
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region  is  similar,  and  the  details  of  the  damage  done  may  be 
learned  by  resorting  to  the  X-ray.  The  carpus  is  most  satisfac- 
torily palpated  by  flexing  the  wrist.  This  position  exposes  the 
dorsal  surfaces  of  the  carpal  bones  and  palpation  will  then  reveal 
any  abnormal  prominence  or  depression.  Slight  passive  motion 
while  palpating  the  carpus  in  this  way  will  usually  elicit  crepitus 
in  the  presence  of  fracture.  One  should  not  fail  to  use  the  oppo- 
site wrist  as  a  standard  of  comparison. 

In  the  interpretation  of  X-ray  plates  one  should  keep  in  mind 
the  more  common  anomalies  as  mentioned  under  the  heading  of 
** Surgical  Anatomy/'  on  page  282.  The  Rontgenographic  recog- 
nition of  anomalous  bones  depends  on  the  position  and  structure 
of  the  supernumerary  ossicle  and  its  presence  in  the  opposite 
carpus.  The  X-ray  plate  should  show  the  structure  of  the  bones 
of  the  carpus  as  well  as  their  outlines.  It  should  be  remembered 
in  this  connection  that  the  structure  of  supernumerary  bones 
is  similar  to  that  of  the  normal  bones  of  the  carpus.  This  point 
is  of  importance  in  distinguishing  anomalous  bones  from  fractures. 
The  interior  of  each  bone  is  composed  of  cancellous  tissue  while 
the  surface  is  finished  off  by  a  thin  layer  of*  compact  bone.  A 
fractured  surface  will  be  more  or  less  uneven  and  the  trabeculae 
of  the  cancellous  tissue  will  o{)en  onto  the  line  of  fracture.  The 
trabeculae  of  an  anomalous  bone  do  not  of)en  onto  any  surface  but 
are  covered  by  a  thin  layer  of  compact  tissue  which  sliows  as  a 
thin  continuous  line  in  the  X-ray  plate.  Anonuilous  bones  are  not 
necessarily  bilateral,  yet  if  an  osseous  anomaly  of  development  is 
found  in  one  side  of  the  skeleton  an  X-ray  of  the  same  region  on 
the  opposite  side  of  the  body  will  almost  invariably  show  a  cor- 
responding condition. 

Treatment. — Reduction  of  luxations  of  either  the  radio-carpal  or 
medio-carpal  joints  is  ac<»oniplished  by  traction  and  counter-trac- 
tion with  direct  pressure  over  the  f)ron)inent  (lisj)laee(l  carpus. 
It  is  seldom  that  difficulty  is  experienced  in  correcting  the  dis- 
placement. There  is  rarely  any  tendeney  to  recurrence  of 
deformity  in  uncomplicated  cases.  Fracture  luxation  of  the  wrist 
may  tend  to  recur  if  the  radial  frairment  is  large.  Following 
reduction  the  wrist  should  be  immobilized  on  a  short  ventral  splint. 
The  further  conduct  of  the  case  will  be  considenul  under  '* After- 
treatment/'  page  2!)2.  DispIacenuMit  is  sehloin  pronouncerj  in 
fractures  of  the  carpal  bones  and  when  reduction  is  necessary  it 
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will  usually  consist  of  forcing  prominent  fragments  back  into  posi- 
tion. Reduction  of  luxations  of  the  carpal  bones  may  be  readily 
accomplished  in  some  cases  by  direct  pressure,  while  in  other  in- 
stances it  may  be  impossible  without  operative  intervention.  In 
dorsal  luxation  of  any  bone  of  the  carpus  the  wrist  should  be 
flexed  until  the  displaced  bone  is  ** started''  back  into  the  position 
which  it  previously  occupied.  When  the  bone  is  once  ** started '^ 
the  hand  should  be  extended  until  it  comes  in  line  with  the  fore- 
arm, when  traction  and  countertraction  are  exerted  and  the  carpal 
bone  driven  home  by  direct  pressure.  In  the  reduction  of  ventral 
luxations  the  opposite  manipulation  is  followed.  The  wrist  is 
fully  extended,  the  dislocated  bone  started  back  into  position,  the 
hand  then  brought  to  a  straight  line  with  the  forearm  and  reduction 
completed.  Following  any  fracture  or  luxation  of  the  carpus  im- 
mobilization is  indicated. 

Operative  Treatment. — Operation  is  indicated  in  compound 
cases  and  in  instances  in  which  reduction  cannot  be  effected  by 
manipulation.  Closed  luxations  at  the  wrist  seldom  call  for  op- 
erative measures.  Recurrence  of  deformity  in  fracture-luxations 
of  the  radio-carpal  joint  may  require  fixation  of  the  radial  frag- 
ment. Displaced  fragments  of  carpal  bones  or  a  completely  lux- 
ated bone  may  require  removal  through  incision.  Old  fractures 
or  luxations  of  the  carpal  bones  with  restriction  of  motion  due  to 
mechanical  interference  from  a  luxated  bone  or  displaced  frag- 
ment, may  require  operation  with  removal  of  the  obstructing  bone 
or  fragment. 

After-Treatment^Fixation  of  the  wrist  following  fractures  and 
luxations  of  the  carpus  is  essential,  yet  early  passive  motion  is 
equally  necessary  if  the  function  of  the  part  is  to  be  fully  restored. 
It  is  a[)parent  that  non-union  of  any  one  of  the  carpal  bones 
would  not  offer  any  mechanical  obstacle  to  the  full  restoration  of 
funcftion.  Yet,  on  the  other  hand,  it  is  a  noteworthy  fact  that 
cases  whirh  are  allowed  free  use  of  the  wrist  following  the  acci- 
dent do  not  show  the  coni[)lete  and  rapid  recovery  seen  in  cases 
treated  by  proper  ininiobilization  and  passive  motion.  Early  unre- 
stricted use  of  the  wrist  is  followed  by  a  chronic  inflammation  of 
the  synovial  surfaces  which  results  in  stiffening  of  the  wrist.  Pro- 
longed immobilization  without  passive  motion  is  followed  by  joint 
adhesions  which  are  equally  detrimental  to  function.  The  proper 
treatment  consists  in  immobilization  of  the  parts  with  early  passive 
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motion.  Passive  motion  should  be  begun  as  soon  as  the  traumatic 
reaction  has  subsided  and  should  be  repeated  at  intervals  of  three 
or  four  days  until  the  splint  is  removed.  At  the  end  of  tliree 
or  four  weeks  all  dressings  may  be  dispensed  with  and  the  patient 
instructed  to  gradually  increase  the  use  of  the  wrist.  Massage  and 
hot  applications  are  of  value  in  hastening  the  restoration  of  func- 
tion. 

Prognosis. — Uncomplicated  fractures  and  luxations  of  the 
carpus  in  young  or  middle  aged  persons  are  followed  in  most  in- 
stances by  at  least  a  fair  restoration  of  function.  In  elderly  per- 
sons the  wrist  is  likely  to  remain  painful  and  to  show  more  or  less 
restriction  of  motion  in  spite  of  the  most  painstaking  treatment. 
Compound  fractures  of  the  carpus,  especially  crushes,  have  a  nmch 
more  unfavorable  prognosis.  If  infection  follows  in  compound 
eases  the  chances  of  a  stiff  wrist  are  great,  to  say  nothing  of  the  pos- 
sible loss  of  function  in  the  fingers  due  to  adhesions  between  the 
tendons  and  their  sheaths.  When  function  is  restricted  or  pain- 
ful as  a  result  of  the  displacement  of  one  of  the  car})al  bones,  the 
outlook  is  good,  if  the  condition  is  corrected  by  operative  meas- 
ures. 


CHAPTER  XXI. 

LUXATIONS  OF  THE  CARPOMETACARPAL 
ARTICULATION. 

Surgical  Anatomy. — The  articulation  between  the  carpus  and 
metacarpal  bones  is  heavy  and  strong;,  and  complete  luxations  of 
this  joint  are  extremely  rare.  From  a  surgical  standpoint  the  articu- 
lation may  be  divided  into  two  parts:  first,  the  articulation  betw^een 
the  inner  four  metacarpals  and  the  carpus,  and  second,  the  joint 
between  the  trapezium  and  first  metacarpal.  The  articulations 
between  the  inner  four  metacarpals  and  the  carpus  are  functionally 
one  continuous  joint.  The  synovial  cavity  extends  from  the  second 
to  the  fifth  joint  and  is  not  subdivided  by  the  ligaments.  The 
three  inner  carpal  bones  articulate  with  each  other  above  the  plane 
of  this  joint  and  the  metacarpals  below  the  joint  articulate  with 
each  other  by  their  lateral  surfaces.  The  inner  four  metacarpal 
joints  are  arthrodial  in  type;  the  fifth  joint  is  capable  of  a  wider 
range  of  motion  than  the  other  three.  The  carpo-metacarpal  joint 
of  the  thumb  is  one  of  reciprocal  reception  (saddle  joint)  and  per- 
mits of  motion  in  all  directions  except  axial  rotation.  The  articu- 
lation between  the  first  metacarpal  and  the  trapezium  is  sur- 
rounded by  a  capsule,  is  separated  from  the  other  carpo-metacarpal 
articulations  and  has  its  own  synovial  membrane.  All  five  carpo- 
metacarpal articulations  are  known  to  have  been  luxated,  and  all 
except  that  of  the  little  fintrer  have  been  reported  as  isolated  in- 
juries. Dislocation  may  occur  in  one  or  more  of  the  joints  simul- 
taneously, and  a  number  of  instances  of  luxation  of  all  five  articu- 
lations have  been  recorded.  Taixation  may  occur  in  any  direction 
but  the  most  common  forms  are  either  forward  or  backward.  The 
lateral  supf)©!^^  which  tlie  inner  four  metacarpals  offer  each  other 
explains  the  rarity  of  lateral  luxations.  The  carpo-metacarpal 
joint  of  the  thumb  is  the  most  commonly  luxated.  More  disloca- 
tions of  this  joint  have  been  reported  than  of  the  other  four  carpo- 
metacarpal articulations  combined.  Backward  luxations  of  the 
carpometacarpal  joint  of  the  thumb  are  by  far  the  most  common. 
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Forward  luxations  are  extremely  rare.  Luxations  of  this  joint 
are  not  infrequently  complicated  by  fracture  of  either  the  trape- 
zium or  base  of  the  first  metacarpal  or  by  luxation  of  the  adjoining 
carpo-metaearpal  joint  of  the  index  finger.  Luxation  of  the  carpo- 
metacarpal joint  of  the  index  finger  is  next  in  order  of  frequency 
and  is  more  often'  displaced  backward  tlian  forward.  Luxations 
of  the  third,  fourth  and  fifth  carpo-metacarpal  articulations  are 
extremely  rare.  They  may  be  either  of  the  forward  or  backward 
type.  Subluxations,  especially  of  the  ])aekward  type,  are  not  as 
rare  in  the  four  inner  metacarpals  ns  in  complete  luxation.  Di- 
vergent luxations  have  been  reported  in  which  some  of  the  meta- 
carpal bases  have  been  displaced  backward  while  others  were 
luxated  anteriorly.  This  form  of  dislocation,  liowever,  is  extremely 
rare  and  can  hardly  be  considered  as  a  type.  Severe  crushing  vio- 
lence in  this  region  may  produce  almost  any  type  of  fracture- 
luxation  as  in  the  carpus,  and  because  of  the  superficial  position 
of  the  bones  is  likely  to  be  compound. 

Symptoms. — In  luxations  of  the  carpometacarpal  joint  of  the 
thumb  there  will  be  loss  of  function,  shortening  of  the  thumb  and 
characteristic  deformity.  In  the  backward  type  the  base  of  the 
first  metacarpal  will  be  unduly  prominent  on  the  dorsal  aspect  of 
the  carpus,  just  below  the  end  of  the  radius.  In  the  ventral  type 
the  trapezium  may  be  palpated  and  the  base  of  the  metacarpal 
forms  a  hard  prominence  beneath  the  thenar  eminence.  Various 
degrees  of  angular  deformity  may  be  present  as  well  as  the  over- 
riding displacement.  The  forward  or  backward  displacement  ac- 
companying luxations  of  any  or  all  of  the  inner  four  articulations 
can  be  appreciated  without  difficulty  if  the  case  is  seen  early.  If 
the  injur>'  is  not  examined  before  the  onset  of  the  traumatic  reac- 
tion the  swelling  may  be  so  pronounced  that  the  nature  of  the 
deformity  is  not  apparent.  The  shortiMiin^  of  the  fingers,  however, 
will  be  a  symptom  which  will  be  evident  even  though  the  balance 
of  the  deformity  is  obscured  by  swelling. 

Diagnosis. — Luxation  of  any  one  of  these  joints  should  be  recog- 
nized without  difficulty  if  the  ease  is  seen  early.  When  four  or 
five  of  the  metacarpals  are  dislocated  siuuiltaneously  the  traumatic 
reaction  may  be  so  severe  that  dia^rnosis  is  rendered  difficult  unless 
the  patient  is  anesthetized  or  tiie  X-ray  resort (m1  to.  Fracture  of 
either  the  carpals  or  metacarpals  is  not  an  uuconunon  complication 
and  is  recognized  by  the  presence  of  crepitus.     If  doubt  exists  the 
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X-ray  should  be  employed.  In  interpreting  X-rays  of  this  region 
the  anomalies  mentioned  under  the  Surgical  Anatomy  of  ** Injuries 
to  the  Carpus'^  on  page  283,  should  be  kept  in  mind. 

Treatment. — Reduction  is  usually  accomplished  without  diffi- 
culty by  traction,  counter-traction  and  direct  pressure  on  the  dis- 
placed metacarpal  base  or  bases.  Luxation  of  the  carpo-metacarpal 
of  the  thumb  is  more  likely  to  give  trouble  in  reduction  than  are 
the  corresponding  joints  of  the  other  fingers.  If  reduction  can- 
not be  effected  by  manipulation  open  reduction  may  be  necessary. 
A  tendency  to  the  recurrence  of  deformity  seldom  occurs  in  any  of 
these  joints  unless  fracture  complicates  the  luxation.  Following 
reduction  the  wrist  and  hand  (but  not  the  fingers)  should  be  im- 
mobilized on  a  short  splint.  The  character  of  the  splint  is  not 
essential  as  long  as  it  fits  the  parts  comfortably  and  effects  immo- 
bilization. 

Operative  Treatment. — Operation  is  seldom  indicated  in  the 
reduction  of  luxations  of  single  joints.  In  luxations  which  can- 
not be  reduced  by  manipulation  the  articulation  should  be  exposed 
by  a  longitudinal  incision  and  the  displacement  corrected  by  direct 
manipulation  through  the  incision.  Compound  cases  should  be 
treated  as  described  under  '*  Treatment  of  Compound  Fractures  and 
Luxations"  on  page  789. 

After-Treatment. — The  after-care  of  these  cases  is  practically  the 
same  as  that  already  given  under  ''Injuries  to  the  Carpus''  (page 
292).     Early  passive  motion  is  most  important. 

Prognosis. — The  outlook  in  luxations  of  the  carpo-metacarpal 
articulations  is  similar  to  that  already  given  under  ** Injuries  to 
the  ('arpus."  Loss  of  function  in  the  first  carpo-metacarpal  articu- 
lation Avill  lead  to  difficulty  in  opposing  the  thumb  against  the 
fingers,  and  will  constitute  a  serious  handicap  in  the  use  of  the 
hand.  In  compound  eases  the  {)rognosis  is  nuich  more  unfavorable, 
especially  in  the  presen(*e  of  infection. 


CHAPTER  XXIL 

FRArrrREs  of  tiik  mhta(\\ rivals. 

Surgical  Anatomy.— The  struetiirp  of  Wui  melaearpKls  resembles 
that  of  other  luiig  bones  with  the  t^xeeption  of  tlie  ossification. 
The  ossification  of  the  inner  four  bones  is  the  tiiime.  One  center 
for  the  alia  ft  and  base»  and  one  for  the  distal  end  or  head.  The 
center  for  the  sin!L!;le  epiphysis  is  first  seen  abont  the  tliird  year 


Fif.  422.— Friiituri»  of   ii 
frBcture, 


ht>.i  mt.LiiuiiJftl  cnUTiug  the  joint-      BisnncU'* 


and  joins  the  shaft  durint^  the  twentieth.  The  ntetaearpal  of  the 
thumb  has  its  sinple  e[»iphysis  located  at  the  base.  It  befrins  to 
ossify  during  the  thit\l  year  and  joints  the  shaft  in  the  tweiiiieth. 
Oci^asionany  this  lione  lias  an  additional  epiphysis   for  the  iiead 
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whieh  is  visible  at  the  seventh  or  eighth  year.  The  first  metaearpal 
limy  tin  IS  resemble  both  plialimx  and  metaearpal  in  its  proeess  of 
ossifieatioiK  The  positions  of  the  epiphyseal  cartilages  are  of  im- 
portance in  iiiterju-eting  Ktint^'eno^'ranm  of  this  re^ioiL  The  shaft 
of  a  luetaearpal  is  eomi>osed  of  a  tube  of  eonipaet  tissue^  while  the 
extrenutiea  are  eaneellated  and  enelosed  in  a  thin  layer  of  com- 
pact hone.  This  ehaiiM^e  in  structure  between  the  shafts  and  ex- 
tremities aeeounts  for  the  not  uTieommon  impaction  of  the  shaft  into 
the  liead  of  the  hone  followin^j  a  blow  on  tbe  knuckle.     Fracture 


Fi|r.  428. — tfun-Khot  fracture  of  ih»*  third  mHnrarpal.  Thid  pUt«  •how*  the  epiphy- 
alft  of  the  hand  hi  thirti-en  years  nf  n^cc.  Note  the  «in^k-»  epipnyi«ji  of  the  ph»Ung«« 
•Ituatrd  III  tht«  |>ro%imiil  ««nd*  of  th*?  h»nii'*,  Tho  ^piphvAes  of  the  iiiet«€«rpiilB  mn 
sltttAted    at   the   disuil   f>nd&   ttf   tlit'   )Kttu><s    with   the  t'Xii^ptiiHi   of   tho   frst    metncarpat. 


of  the  Tnetaearpal  shafts  usually  residts  from  direct  violence,  while 
fraeture  of  the  distal  eml  is  almost  always  caused  by  indirect 
violence.  Fraeture  of  the  distal  end  is  almost  invariably  produeeti 
in  hoxiuir  or  fiirbtiufr.  A  ** punch'*  is  **landrd"  on  some  bony 
proniint^nee  such  as  the  jaw  or  skull,  and  the  liead  of  the  most 
prominent  metacarpal  is  driven  upward  onto  the  shaft  of  the  bone 
and  also  displaced  slightly  into  the  jialm  of  tiie  hand.  This  for- 
ward displacement  is  due  largely  to  the  normal  curvature  of  the 
shaft  and  to  the  fact  that  the  palmar  aspect  of  the  head  is  not  m 
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well  supported  as  the  dofsBL  When  the  hand  m  tii^htly  closed  ia  n 
fist  the  heads  of  the  iiietaearpala  fonii  the  prominence  of  the 
metacarpO'phahingeid  kiiiiekles  jiiid  tlie  impaet  oi"  violence  sustained 
on  these  knuckles  is  the  most  common  cause  of  fracture.  Frae- 
tnrc  is  not  uncommon  in  any  of  the  metaearpals  but  is  most  fre- 
quently seen  in  the  third  and  fourth.  The  most  usual  site  of  frac- 
ture in  the  inner  four  hones  is  just  abo%^e  the  head  while  the  most 
common  seat  of  the  break  in  the  metacarpal  of  the  thumb  is  through 
the  base  and  involvint,^  the  articular  surface.  Fracture  of  the  base 
of  the  first  mctacar|ml  is  known  as  Bennett V  fracture.  The  clin- 
ical appearance  and  X-ray  findiufjs  in  this  lesion  are  well  shown 
in  Fi^.  422  to  424>  The  liiMt  nu*tacarpal  is  isolated  and  can  he 
palpated  without  ditlfieulty,  wlule  the  posterior  surfaces  of  the 
inner  four  bones  are  subcutaneous  and  can  be  palpated  from  end 
to  end  unless  the  band  is  markedly  swollen.  A  number  of  meta- 
carpals may  be  fractured  sinudtaneously  but  it  is  much  more 
cnnimon  to  see  an  isolated  fracture  of  one  of  them  a  short  distance 
a  hove  the  head. 


Fijf.    424, — HcniiptCH    frttciun.'    in    Itie    right    hund.      Note    lh*.*    aimormal    proaiinpiip- 
■I  th|i  Uft«e  of  the  first  met^'iciiriinl.      Pieiurr*  taken  a   f<^w   niiniilxii  following-  ilie  RrcideiU. 

Symptoms*— Pain,  swelling,  tendf^rness  and  lass  of  function  are 
conwtant.  The  distiu'bancc  in  function  aec(an[»anyinsr  fra<*tuTe 
of  one  or  more  of  tlie  metaearpals  usually  consists  in  an  inability  to 
completely  flex  the  fingers,  11iis  is  due  to  pain,  swelling  and  tlie 
fad  that  the  head  of  the  fractured  nu'tacarpal  is  displaced  so  that 
thcn»  is  a  mechanical  interference  with  complete  tlexion  of  the  first 
phalanx.  The  deformity  is  usually  characteristic  (see  Figs.  428 
to  4ii8),  The  beail  of  tlie  injured  bone  is  usually  displae(*d  into 
the  palm  and  when  the  fingers  are  fiexed  the  eorrespondinji  knuckle 
will  be  found  at  a  lower  level  than  normal.     It  will  often  be  pos- 
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frHcUircH  in  this  rejrion.  Luxation  of  this  bone  is  quite  rare.  A 
niirnlKT  of  casf*s  of  subluxation  of  the  head  of  the  os  magnum  bave 
been  rei>ort4fd.  They  have  been  aeeompanied  by  an  undue  promi- 
/lenee  on  the  dorsal  aspect  of  the  carpus,  especially  during  com- 
f>let<*  dorsal  flexion  of  the  wrist.  The  loss  of  function  produced 
by  ihi'Hi*  subluxations  is  surprisingly  slight. 

Fmriurf's  of  the  Irapfziiim  and  trapezoid  are  extremely  rare 
exc!ef>t  in  severe  crushes  of  this  region.  They  may  occur,  however, 
and  are  accompanied  by  crepitus  and  mobility  at  the  base  of  the 
first  or  second  metacarpal,  as  the  case  may  be.  Crepitus  in  the 
region  of  thf»  base  of  the  first  metacarpal  is  almost  always  caused 
by  Hcnnett/s  fracture  and  rarely  by  fracture  of  the  trapezium  (see 
**  Fractures  of  the  Metacarpals,''  page  297).  Luxations  of  either  of 
these  hones  is  extremely  rare,  and  since  only  dorsal  luxations  have 
b(u*n  reported,  the  prominence  of  the  displaced  bone  may  be  ex- 
pected on  the  dorsal  aspect  of  the  carpus. 

Fracture  of  the  unciform  is  practically  unknown  except  as  a 
coinplicHtion  of  luxation  or  in  severe  crushing  injuries  of  the 
carpus.  The  process  has  been  reported  as  broken  off  accompanying 
luxation. 

Diagnosis. — Th(»oretically  the  diagnosis  of  fractures  and  luxa- 
tions of  these  bones  should  be  easy  but  the  difficulty  of  ascertaining 
the  exact  luiture  of  these  injuries  is  shown  by  the  frequency  with 
which  the  din  gnosis  is  changed  after  the  X-ray  has  been  employed. 
The  nppcanmc'(»  of  tlie  wrist  is  so  characteristic  in  luxations  of  the 
niciio  iiliinr  joint  that  it  would  seem  almost  impossible  to  fail  in 
n't'o^'ni/iny:  \\\v  natiin^  of  the  injury.  It  is  a  well  known  fact, 
howt'Vcr.  Ihnt  Colics'  fracture  is  frequently  mistaken  for  disloca- 
tion of  llic  wrist.  One  who  has  never  seen  a  dislocated  wrist 
should  licsilato  in  pronouncing  an  injury  of  this  region  a  dislo- 
cation unlcs  the  diagiuvsis  has  been  confirmed  by  an  X-ray  ex- 
amination. (Soe  Figs.  378  and  379.)  Medio-carpal  luxations  are 
extrenicly  rnn*  and  it  will  be  safer  to  make  only  a  tentative  diag- 
nosis pcndiuLT  the  n^port  on  the  X-ray,  even  though  one  feel  reason- 
ably (*cr1ain  of  the  condition. 

The  si/.c  of  tlu^  carpal  bones  and  their  compact  arrangement  are 
such  that  accurate  diairuoscs  of  isolated  lesions  of  these  bones  are 
almost  inipossihie.  The  important  point  to  be  determined  by  in- 
spection and  palpation  is  whether  or  not  fracture  or  luxation 
exists.     The   treatment    of   the  ditTerent    traumatic   lesions  in  this 
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'  no  exmse  for  this  itiiNtfikc  if  \hv  parts  are  carefully  examined  fol- 
lowing the  injury.  The  deformity  is  usually  so  eharaeteristie  and 
pronoun<*ed  that  tlio  diatrnosis  can  he  niadt;  by  inspection  a!one 
unless  the  swelling  is  exceptionally  pronounced.  Bennett *s  frac- 
ture is  most  frer|uently  mistaken  for  a  sprain  or  subluxation  of  the 


Pif.  42«,^FractnT()  of  iht-  IkI'i  ^utU^x  tiii'ia^'arpn)  bchiml  tlm*  head  of  th(»  bone  with 
I  Aroppinip  of  the  knuc-kW.  NoTf!!  ttte  ukii^TimciU  of  the  knucklofl  of  InHh  hnnrlj;  itiid  how 
r  the  indelc  knuckle  of  ihe  patii'iU's  Mi  hafid  is  ilUplnci^d  forward  toward  the  palm 
[of  tha  hand.  ToaditioD  (il>ont  twelvi^  Ijoiirc^  old  aiKl  the  result  of  "piiiiehin:^"  Konieonfl« 
I  llotion    and    rn'piltiH   present    iifler    Ihi-    sliirhl    iinpiK-liou    i?*    brok«Mi    up 


4'Jfy — Fracture 


ahout 


years'     fttanding. 


I 


I>*>fnrmTty    hun    bwo    allowed    to    go    uncorrected,    ItnucUli*    in    "dropped^'    and    comp1et« 

fityxutu   uf    the   index   finder    im|>(>K(iiblii,      PromineTtte    nt    nn^tArArpal    rupad    may    he*    frit    in 

1IT        I  }i,v  fifth   m«»tacarpal  of  thi*  Mim**  hand    wr»R  frarturnd  about  i>fin  month   ago 

4a    fF,imi1ar   to   ihoRe  f^hown    in    Fiffft.    43 4 ^   435,    4:1  li   and   4»7)    havfi  j«»t 

Mote   hiiw    I  he    knncklia   of    I  hi*   !iit!e    huif'T   is    up    in    line   with    tlie  othpr 

_«kL-  .     ,    ,*;Uiug  ha«  uot  >ut  entirely   Kub^ided  »rid   thr  outiiiK?  of  tkt»  konckle  ia  not 

aluirti  «a  the  aame  knuckle  of  tho  oppobile  hand. 

articulation  between  the  tirst  metacarpal  and  trapezium.  Manipu- 
lation of  the  thumb  will  almost  invariably  elicit  crepitus  and  dis- 
close  the  nature  of  the  injury  without  the  aid  of  the  Xray. 

Treatment. —  Rciluctiou  of  the  usual  deformity  is  accomplished 
by  traction  on  the  lintrcr  eorrcspondini*  to  the  injured  nietacarjiab 
The  ligaments  connecting  the  base  of  the  first  phalanx  with  tho 
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head  of  the  metacarj^nl  jin*  thus  employed  in  pulling  the  distal 
fragmetd.  ha«^k  iido  |K>silioiK  Duriiitr  this  maidpulation  the  upper 
fragment  is  to  l)e  sti^adii'd  \\y  t\w  tlnnrd*  and  lingers  of  the  op- 


Fif,  4S0. — Prononnrrd   "CjilHnir"   of   iIid  index  knuikle  due  to  fmcture  of  tl»€  fteeond 


Fig,  431. 


F)j^.   432. 


Figf«.  431  and  432. — Two  tipw^  of  a  recent  fraclaro  of  iiie  fourth  metacarpal  near 
Hn  di^ml  cud.  Noti<  the  dii;1it.  "fallinic**  (vent nil  diRpiacetiii^iit)  of  tW  fourth  knacklc. 
Plioi4i(n'n.pha  takpn  a  few  f»inulea  folloivtiig  injury,  which  aeeounti  for  tb«  Bb!ieii<re  of 
awellitig. 


posite  hand.  Rediietiou  is,  an  a  rule,  easily  aeeotnplisUed  but  the 
deformity  reeurs  ns  soon  as  the  parts  are  released.  Tlie  dressings, 
therefore,  must  be  depended  upon  to  retain  tlie  fragments  in  poai- 
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tioii  fltirinj:?  tlie  jiriKvss  oF  n^[uui\  U  will  usually  be  possihle  to  pre- 
vent overriding  disj>lareuient  hy  an  engagement  of  tlir  serrated 
fractured  surfaces,  but  antjfular  deformity  can  only  he;  avoided  by 
proper  dressings.  T[ie  im^tboci  of  tixatioii  wbieb  will  ni*M'l  tlie  re- 
quirements in.  the  neatest  uiunber  of  eases  is  nliown  in  Vhja.  4-14 
to  437.  Follovviog  reduction  a  roller  bandage  is  placed  in  the 
palni,  the  finders  flexed  over  it  and  s<*enret1  in  jmsitioir  !iy  two 
strips  of  adhesive  plaster,  A  machine  rolled  bandage  such  as 
put  out  by  the  supply  houses  should  be  used  to  secure  tlie  proper 
firmness.     A  roller  four  iTh*!ie^  wid**  l>v  ten  vnrds  in  lt*iitrtli  is  most 


Tig.  438. — Fnctiiro  of  fourth  nieta<'nr|)^ii1  tt)H)ut  twi'iity-fivo  y^nri  mgo  (during 
ehildlhood).  Injury  to  the  epiphya^al  ciinilii^p  with  suhM^quent  arrest  in  (trowth 
ftceoontft,   in  part,  for  the  pronoiinred  deformity. 

appropriate.  The  diameter  of  this  roll  liowever,  is  a  little  too 
great  for  the  average  size  band  and  slitnihl  lie  rrdueed  by  remov- 
ing the  outer  layers  of  tin*  bnudago  until  it  is  small  euotigb  to 
allow  the  first  row  of  plaalanires  to  he  flexed  h)  a  right  angle  with 
the  metacarpals  as  shown  in  Fig.  434.  This  position  allows  the 
hfnd  of  the  broken  bone  to  he  ^'rais^nr*  into  line  witd  the  other 
knuckles  without  niakiiig  upward  ]nessure  on  the  lower  fragment. 
After  the  roller  lias  bei'n  placed  in  position  diagonal  strips  of  ad- 
hesive are  used  as  shown  in  Fig,  43ti  to  raise  the  injured  knuckle. 
The  entire  haml  is  tfien  covrreil  with  a  bajidaizi^  and  farrird  in  a 
slin^. 

In  some  iiist**un's  tUv  Irarlnrr  is  sihial<'*l  in  the  shaft  and 
oblique  enough  to  |»revcnt  a  lirm  cutrav'«*mcnt  of  the  broken  sur- 
faces. Tnder  such  firctniistaniN's  lln'  rnltfr  han<lage  will  not  eor- 
reet  the  tendency  to  ovirriiiinir  drfot'inilv  ant]  eoutfuuous  traction 
will  Ik*  mvesHury  to  krep  (In*  fray:itteiits  in  pro|icr  relfltion.  A  nar- 
row splint  is  properly  padded  and  secure*!  lo  the  palrn  of  the  hand 
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by  means  of  strijis  of  adht^Hive  nbstor,  Thia  splint  should  extend 
ahont  thrw  iiiclie.s  beyond  tlu'  f*nil  of  tlit^  rotTtss|ionding  finf:?er. 
Extension  is  tln'n  a^enred  by  means  of  light  rubher  Inbin^f;  one  end 
of  tbp  tnlrini^r  is  attarlied  to  the  i^nd  of  tiie  splint  while  the  other 


Fig.   434, — Holler   bandage    of    ipf^ropfiiite    f>\nt   placed    in    liiiid. 


i'cnr*»<J    tu    |u>KiiJ4in    \\\    .sirips   of   ttdhK'Hivp, 


Fiif.   436. — Strips    of    nttht-jfiv*- 
Ihfl  ring  finger. 


(1    lu   <»(in'*t    difurmity    antl    rni»e   ilit-    knuiklc    *>f 


Fig.    437. — IlJuid    butidaged    and   droiifiiug  complete. 


is  attaehed  to  tlie  fin*rer  by  moans  of  strips  of  adhesive  plaster. 

Praetiiivs  of  any  of  the  f(Hir  irmer  loetaearpals  may  he  treated 
by  means  of  two  splints  (dorsal  and  pnlmar)  properly  padded, 
though  they  are  not  as  reliable  and  secure  as  the  roller  bandage, 


PBACTURES  OP  THE  METACARPALS  305 

unless  made  of  plaster  of  Paris.  If  plaster  splints  are  used  they 
should  be  applied  with  due  regard  for  the  nature  and  tendency  of 
the  deformity.  Eight  or  ten  thicknesses  of  gauze  should  be  used 
and  the  material  cut  so  that  one  splint  will  cover  the  dorsal  aspect 
of  the  hand  and  wrist  while  the  other  covers  the  palm  and  ventral 
surface  of  the  wrist.  These  two  splints  are  then  soaked  in  plaster 
cream,  wrung  out  and  rapidly  secure^  in  position  by  a  roller  ban- 
dage. While  the  plaster  is  setting  the  surgeon  should  grasp  the 
hand  in  such  a  manner  that  pressure  will  be  made  in  the  palm 
opposite  the  displaced  head,  while  counter  pressure  is  exerted 
over  the  uninjured  metacarpals  on  the  dorsum  of  the  hand.  This 
raises  the  injured  knuckle  and  the  pressure  exerted  by  the  sur- 
geon's fingers  is  continued  by  the  splints  after  the  plaster  has 
set.  The  splints  should  be  removed  as  soon  as  the  plaster  has 
hardened  sufficiently  to  maintain  its  proper  form,  and  reapplied 
only  after  the  plaster  has  thoroughly  set  and  dried  out.  Placing 
the  splints  on  a  radiator  or  in  the  sun  will  hasten  the  process. 

Fracture  of  the  shaft  of  the  first  metacarpal  is  most  satisfactorily 
treated  by  means  of  the  splint  shown  in  Fig.  440.  The  curves 
of  the  thumb  and  thenar  eminence  are  such  that  an  accurately  fit- 
ting splint  can  be  had  only  by  using  a  material  such  as  plaster 
which  can  be  moulded.  Bennett's  fracture  often  requires  no  splint 
whatever.  It  is  frequently  possible  to  correct  tlie  lateral  and 
backward  displacement  of  the  base  of  tlio  l)one  by  means  of  strips 
of  adhesive  plaster  exerting  pressure  in  the  direction  shown  in 
Fig.  427.  With  the  deformity  thus  corrected  the  thumb  is  im- 
mobilized with  adhesive  strapping  similar  to  that  employed  in 
the  treatment  of  a  sprain. 

Operative  Treatment. — Operation  is  almost  never  indicated  in 
recent  fractures  of  the  metacarpals  unless  the  condition  is  com- 
pound. When  the  fracture  is  open  it  should  be  treated  according 
to  the  principles  laid  down  under  **The  Treatment  of  Compound 
Fractures  and  Luxations''  on  page  789.  In  old  cases  with  de- 
formity the  patient  may  suffer  considerable  loss  of  function  with 
persistent  pain  or  tenderness  in  the  palm  opposite  the  displaced 
head.  If  these  symptoms  are  pronounced  and  intoVfere  with 
work  operation  is  indicated.  The  incision  is  best  made  on  the 
dorsal  aspect  of  the  hand  and  should  avoid  the  extensor  tendon 
of  the  corresponding  finger.  With  the  metacarpal  exposed  the 
bone  is  divided  at  the  original  site  of  fracture  and  the  knuckle 
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raised.  The  wound  is  then  closed  and  the  condition  treated  as  a 
recent  fracture  with  the  deformity  fully  corrected. 

After-Treatment. — The  after-care  of  these  cases  calls  for  fre- 
quent inspection  of  the  dressings  which  are  sure  to  become  lax  or 
slip  no  matter  how  well  applied.  As  soon  as  the  dressing  becomes 
loose  the  deformity  recurs  and  thus  a  deformed  hand  may  follow 
even  though  the  original  reduction  w^as  perfect.  Pressure  points 
may  show  erosion  during  the  after-treatment  and  call  for  treat- 
ment. If  the  roller  bandage  dressing  is  used  the  knuckles  under 
the  adhesive  straps  may  become  irritated  and  require  relief  from 
pressure.  With  the  slightest  signs  of  irritation  the  dressing  should 
be  reapplied  and  bits  of  cotton  placed  between  the  adhesive  plaster 
and  skin.  The  dorsum  of  the  hand  should  be  carefully  watched 
for  backward  bowing  of  the  shaft  of  the  fractured  metacarpal 
which  may  develop  at  any  time.  Direct  pressure  on  the  shaft 
may  be  necessary  and  is  had  by  means  of  pads  and  adhesive 
straps.  Backward  bowing  is  not  likely  to  occur  if  the  first 
phalanges  are  fixed  at  a  right  angle  with  the  metacarpals,  as 
previously  mentioned  under  **  Treatment. ' '  Immobilization  may 
be  discontinued  at  the  end  of  three  weeks  but  the  hand  should  not 
be  subjected  to  strain  for  another  two  weeks  as  deformity  may 
recur.     Heavy  work  should  be  avoided  for  two  months  or  more. 

Prognosis. — In  an  uncomplicated  fracture  of  one  of  the  meta- 
carpals with  correction  of  the  deformity  there  should  be  com[)lete 
restoration  of  function.  If  the  deformity  is  not  corrected  there 
will  be  incomplete  flexion  of  the  corresponding  finger,  a  weakened 
grip  and  more  or  less  pain  and  tenderness  in  the  palm  of  the 
hand  opposite  the  displaced  head.  These  symptoms  will  be  present 
according  to  the  degree  of  deformity. 
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FRACTURES  OF  THE  FINGERS. 

Surgical  Anatomy, — The  phalang^es  are  practically  subcutaneous 
tliroiifj;:hDiit  and  frartnii's  of  tliese  bones  are,  as  a  rule,  detected 
without  difficulty.  The  fleshy  pads  on  the  palmar  aspect  of  the 
finders  are  comparatively  thiek,  and  palpation  on  this  side  of  the 
digit  is  less  satisfactory  than  elsewhere.  Hie  quadrilateral  ex- 
panded bases  may  l)e  palpated  without  difficulty.  The  internal 
Ntnieture  of  the  phalangew  is  similar  to  that  found  in  other  long 
tiones.  The  extremities  are  eompased  of  eaneellous  tissue  covered 
by  a  thin  layer  of  eompaet  bone,  w  idle  the  shafts  consist  of  tubes 
of  iieavy  eompaet  tissue.  Accordingly  fractures  occurring  in  the 
extn*niitie8  are  more  prone  to  show  eomminiition  and  crushing  of 
eaneellous  tissues^  while  breaks  through  the  shafts  are  ufiually 
clean  cut  and  never  impacted. 

The  dorsnt  aspect  of  each  finger,  from  the  bead  of  the  meta- 
earpal  to  the  base  of  the  terminal  phaian.x,  is  in  contact  with  the 
extensor  tendon.  The  anterior  aspect  of  eaeh  digit  is  in  relation 
with  the  flexor  tendons.  The  tendons  of  the  flexor  sublimis  dig- 
itornm  are  inserted  into  the  sides  of  each  middle  phalanx,  while  the 
tendons  of  the  flexor  profundus  digitorum  are  inserted  into  the 
bases  of  the  terminal  phalanges.  These  tendons  and  the  synovial 
sheaths  enelosine:  them  are  of  (considerable  importance  in  the 
tr«.^atiJM*nt  of  fruL-tures  of  the  fingers.  Prolonged  immobiliiiation, 
following  the  traumatic  inflammation  which  accompanies  fractures, 
is  likely  to  give  rise  to  adiu/sions  bidw^cen  these  tendons  and  their 
sheaths;  sneb  adhesions  limit   luotiou   jifter   recovery   takes  place. 

Epiphyseal  separation,s  aiv  rare  in  the  fingers  though  they  are 
oceasionally  seen.  Each  i>hnlanx  is  ossifii'd  by  two  ceuters,  one 
for  the  base  and  one  for  the  iiead  and  shaft.  The  bases  of  the 
proximal  row^  of  phalanges  begin  to  ossify  during  the  third  or 
fourth  year  hiuI  join  the  simfts  at  about  the  cdghteenth  year. 
The  wliafts  of  all  the  pbalanirt^s  show^  signs  oi'  ossification  suou  al'tt^r 
birth. 

Ml 
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Tlie  prominences  of  the  knuckles  do  not  forrespoiid  to  the  planes 
of  tlie  joint  but  are  formed  by  the  heads  of  the  tjoiies  above  the 
aiiitndation.  The  digital  vessels  and  nerves  run  on  either  side  of, 
and  a  little  ventral  to,  the  lateral  borders  of  the  phalanges. 

Tlie  use  to  whieh  the  luuids  are  put  in  the  differeut  trades  and 
in  various  types  of  labor  exposes  the  fingers  to  all  kinds  of  direct 
violenee.  This  is  partieularly  true  of  those  workinn;  about  ma- 
chinery. The  faet  that  the  [>ha lances  are  subentaneous  results  m 
a   high   proportion   of   eoinpound   fmctures   and    luxations,   even 


FJiE-  43B, — Compound    frarturs    of   the   Iwsp    of    the    tfnTL!i)a.1    plialanjc   of   the   middle 
finder  with  httckw^trd  dbplActeiiiftii  jund  tearing  of  iiui!  frmti  itM  b«d. 


FtU,  439, — SevPTf  romiiotind  fi-ot'turpH  of  the  pro*imnl  fshahin^rti  of  thtf  fonrth  »ud 
fifth  ftngers.  Wounds  on  ventral  tiApect  of  flngeni.  Injury  £ubtaitied  in  tiiArhiu<«  ar 
I?  i  dent. 


tliouj=!:h  the  skin  covering  these  parts  is  heavy  and  strong.  Frae- 
fures  of  tJie  fingers,  espeeially  those  produced  by  machinery,  are 
often  aeeompanied  by  severe  and  extensive  laceration  and  bruis- 
iiiK  «f  the  overly int,'  soft  tissues. 

Symptoms. — Local  pain,  loss  of  function  and  swelling  of  the 
injured  finger  an-  almost  invariably  present.  Crepitus  and  ab- 
no(uial  inot)ility  can  usually  1)0  elicited  without  difficulty.  When 
tile  fracture  is  near  I  tie  end  of  the  pjhalanx  the  point  of  preter- 
natural mobility  may  he  difficult  to  recognize  beeanse'of  the  prox- 
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imity  of  the  joint,  rrepitns  is  not  as  ensily  eliritoil  wlieii  the 
l>ri*ak  IS  uc'dv  \he  end  of  tlir  l>oiie.  Defoniiity  varits  considHnitjly ; 
it  may  he  proiiounned  enougrh  to  establish  the  nalurv  of  the  injury 
by  inspection  alone,  or  it  may  be  absent.  A  type  of  injury  known 
as  ** base-hall  finger''  consists  of  fraeture  of  tlie  ttn-mioal  idiahmx: 
witii  impaction,  as  shown  by  the  X-niy,  hnt  the  symptoms  do  not 
eon  form  to  tlie  symptotns  aeeompanyini^  the  nsna!  fracture.     The 


Fif.   440. 


Tilt*  turven  ci(   Ihe  thumb  from  wri*t   to 


l'i||,   440, —  pliiatMr  splinl  n.iJ|tlic<I   In  (huttilj 
thamh  tip  mm  tuvh  tT;i»t  it  iei  dimcuU  to  obtAin  a  good  fit  with  may  other  form  of  splint. 

Fi«,    441, — Plft«t«f   splint    uppllcil    to   dorfisl    surface   ol   middk   finger   and    bficrk   of 
haml.      SiH'iire«l  in   plsc**  hy  meons  of  RlrlpB  of  ttdhLi^ive. 


injury  is  prtniiieed  by  heini:  striirk  on  the  end  tjf  the  finger  liy  a 
biise-ball.  Following  thi'  trjunim  the  linger  is  painful  and  tender 
and  somewhat  swollen,  i>iit  tjml>ility  and  erej>itn«  are  usually  ab- 
sent. Tliere  is  a  slight  ch'tormity  which  i*an  not  he  reeo^nii/.ed 
until  the  swelling  subsides.  These  fraeliires  are  often  ovi^rlonked 
if  the  ease  is  not  examined  with  the  Hfintixi^n  ray,  lUn'OVery  is 
i|j<imlly  8lovv,  the  tingt^r  remairdug  tencler  and  painful  for  weeks 
and  even  months. 


:no 
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Diagnosis.^Fi-jH^tiiros  of  tin*  frntr<4^s  i-aii  tie  reco'^ni/ed  without 
dil1i<'ii!ty  if  tlir  pails  nw  rarrtnlly  i^xarHinrd  l"ollowiii|;  \he  iiijirry. 
Wfii'ii  dt'Tonnity  is  jMrsrnt  tln-ri'  inny  Uv  n  t^^ndciiry  to  rp«*UT'renee 
of  displiK'i^iiicut  followiii^i:  reduction  but  this  is  scliloiii  tlie  rase  in 
dislocations.  The  im'^in'  nail  renders  the  terminal  phalanx  diilieult 
to  palpate,  and  the  typie^l  base-ball  fracture  cannot  ordinarily 
he  rceoirnized  in  this  way.  Tin-  X-ray  should  he  nsrd  when  there 
is  doubt. 

Treatment — The  prup^r  tnalnimt  tif  fraetnres  of  the  tingers  is 


Fi^.   442, — BpUrtt  of  cijsiir  1h.\   woml   i^MirliMt,  hnndncrd  and   |ilaee*1  in  position   to   ira 
mobilize  mirldlv  linger.      Note  H»u  cofhsti    in  ijjilin  of  Iitimt. 

of  ^Teater  import anee  than  would  at  first  appear  since  there  is 
only  a  small  proiiortion  of  nnni  who  do  not  depend,  at  least 
jjartially,  on  their  hands  for  n  livelihood.  A  crippled  hand  often 
means   impaired   earnin^r  capacity. 

When  therr  is  defornnty  it  should  lie  corrected  at  the  earliest 
(>ossihle  munn*!it  and  the  binder  imnmbilized.  In  fractures  of  the 
phahuijz^es  it  has  hvrn  customary  to  inunobili/e  th*'  injured  lintrer 
in  a  position  of  comf^lefe  extension-  A  poKition  of  slight  tlexioii, 
how»'\  er,   will   hi*    found    nun^h   more  comfortable  since   the   flexor 
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and  extensor  tendons  more  nearly  balance  each  other  in  this  at- 
titude. A  straight  palmar  splint  may  be  used  as  shown  in  Fijr. 
442,  but  the  padding  should  be  so  arranged  that  the  surface  coming 
in  contact  with  the  finger  will  present  a  slight  curve.  The  splint 
is  secured  in  position  with  strips  of  adhesive  plaster.  If  the  digit 
is  immobilized  soon  after  the  accident  the  dressings  should  not 
be  too  tightly  placed,  as  otherwise  strangulation  may  take  place 
when  the  finger  swells.  Copper  wire  may  be  used  as  a  splint,  but 
when  this  is  done  padding  should  first  ])e  placed  about  the  finger. 
The  most  perfect  splint  is  made  with  plaster  of  Paris  and  gauze  or 
crinoline.     (See  Figs.  4M)  and  441.)     This  form  of  splint  fits  the 


-^a 


Fisc.    443. 


K 
r^ 


Fis;.   414. 


Fijf.   445. 


Fi?.   44iJ. — The  Goldthwaite  tin,  thumb  Rpliiit  in  positi<»n.     A  layer  of  cotton  should 
he  used  to  keep  the  metal  from  oominsr  in  contact  with  the  8kin. 

Vig.  444. — Pattern  from  which   the  (toldthwaite  splint  is  made. 

Fig.  445. — The  finger  splint  padded  and  held  in  position  by  strips  of  adhesive. 

parts  perfectly  because  it  is  moulded  to  them  and  the  finger  may 
be  placed  in  any  degree  of  flexion  according  to  the  needs  of  the 
case.  When  the  fracture  is  compound  anteriorly  the  splint  may  be 
placed  on  the  dorsal  aspect  of  the  hand  and  will  hold  the  parts 
securely. 

Compound  fractures  should  be  treated  according  to  the  prin- 
ciples laid  down  under  the  heading  of  *' Treatment  of  Compound 
Fractures  and  Luxations''  on  page  789.  Ethereal  antiseptic  soaj) 
will  be  found  of  considerable  advantage  in  the  removal  of  dirt  and 
grease  from  the  hands  of  mechanics  and  machinists  preparatory  to 
washing  the  wound  with  salt  solution. 

Operative  Treatment. — Operation  is  rarely  indicated  in  frac- 
tures of  the  fingers  except  in  compound  cases.     The  wound  should 
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he  treated  aeeoniin^  to  the  principles  set  forth  on  page  789. 
Lacerated  tissues  should  he  trimmed  awHv  and  the  wound  thor- 
ougliJy  irrigated  before  the  edges  are  approximated.  If  the  frac- 
ture is  produced  by  some  cutting  instrument  and  the  tendons 
divided  they  shoukl  he  repaired  before  the  wound  is  closed.  In 
severe  crushes  of  the  tingers  amputation  may  be  necessary. 

AfUr-Treatment. — Duriiiitr  the  after-treatment  the  finger  should 
be  earcfullv  watcbed  to  keeji  the  dressings  pro|>erly  adjusted  and 
to  prevent  recurrence  of  deformity.  If  the  trauma  accompanying^ 
the  fracture  has  been  grt^at  it  may  be  best  to  postpone  the  ai*[ilica- 


Fig.  446. — The  result  of  saviae  too  mutrh  of  the  fiar<er  in  (?ntflieft  of  Ihe  lennitial 
tihalauii.  The  bnme  of  Uie  nail  bed  has  bpen  left  which  prodnctm  the  heavy  cUwnail 
which  ii  a  cxinttnyal  aource  of  aiuio>''aac«, 

ti*>n  of  splints  nntil  the  swelling  has  subsided*  During  this  time 
the  linger  is  ijumobilized  by  surrounding  the  digit  with  cotton  and 
bandaging  the  adjoining  fingers  to  it.  The  ice  cap  will  tend  to 
i*outrot  the  traumatic  reaction.  Fixation  should  be  maintained 
for  n  period  of  three  weeks  in  uncmnplicated  cases,  but  guarded 
passive  motiou  begun  at  the  end  of  ten  days  will  be  of  the  greatest 
advaulngo  in  preventing  adhesions  within  llie  joints  and  between 
tlir  tendons  a  nil  their  sheaths.  In  compound  eases  the  greatest 
cart'  shoidd  be  exercised  to  prevent  infection  and  suppuration  of 
Ihc  wound  folhiwing  tlie  initial  treatment.  If  infection  becomes 
eslabiishcii  necrosis  of  bone  luid  nou  union  are  likely  to  follow, 
ir  ucrrolic  hour  is  present  it  should  be  removed  as  soon  as  j>oasiWe 
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and  an  attempt  made  to  convert  the  suppurating  sinus  into  a 
healthy  wound.  If  union  is  not  present  at  the  end  of  four  or  five 
weeks  it  is  probable  that  it  will  never  occur  especially  without 
surgical  intervention.  Under  these  circumstances  it  may  be  best 
to  amputate.  In  crushes  of  the  terminal  phalanx  the  inadvis- 
ability  of  attempting  to  save  the  base  of  the  nail  bed  is  shown  in 
Fig.  446.  As  shown  in  this  case  the  nail  forms  a  heavy,  de- 
formed annoying  protuberance. 

Prognosis. — The  outlook  in  fractures  of  the  fingers  depends 
entirely  on  the  severity  of  the  injury.  In  simple  cases  recovery 
should  be  complete  while  in  severe  cruslios  it  may  be  impossible 
to  avoid  amputation,  to  say  nothiufj^  of  obtaininc^  union  in  the 
fractured  phalanx.  The  accompanyinj^r  injury  sustained  by  the 
soft  tissues  is  a  most  important   element. 


(CHAPTER  XXIV. 

DISLOCATIONS  OF  THE  FINGERS. 

Surgical  Anatomy. — The  articulations  between  the  metacarpal 
bones  and  the  proximal  row  of  phalanges  are  condyloid  in  type 
and  permit  of  flexion,  extension,  adduction,  abduction  and  cir- 
cumduction. A  variable  amount  of  hyperextension  is  normal  in 
these  joints  and  varies  in  dilterent  individuals.  These  joints  are 
held  together  by  two  lateral  and  one  ventral  ligament.  The  place 
of  the  posterior  ligament  is  taken  by  the  extensor  tendon  which 
crosses  the  articulation.  The  inter  phalangeal  articulations  are 
typical  hinge  joints  and  permit  only  of  flexion  and  extension.  A 
greater  degree  of  flexion  is  possible  in  the  proximal  interphalangeal 
joint  than  in  the  distal  articulation,  though  in  the  latter  a  greater 
degree  of  hyperextension  is  usually  possible.  The  ligaments  re- 
semble those  of  the  metacarpo-phalangeal  joints;  there  are  two 
lateral  and  one  ventral  ligament,  tlie  function  of  the  posterior 
ligament  being  performed  by  the  extensor  tendon.  The  metacarpo- 
phalangeal articulations  of  the  thumb  and  forefinger  are  more 
often  dislocated  than  the  three  corresponding  joints  of  the  mid- 
dle, ring  and  little  fingers  taken  together.  The  displacement  ma\' 
be  backward,  forward,  or  hiteral,  and  there  may  be  overriding  as 
well  as  angular  deformity,  and  not  infrequently  the  condition  is 
compound.  The  anterior  ligament  is  heavy  and  rigid  and  in  back- 
ward luxations  it  is  usually  torn  away  from  the  metacarpal  bone 
and  may  i)ccomc  interposed  between  the  bones  and  offer  obstruc- 
tion to  reduction.  Backward  luxation  of  the  metacarpo-phalangeal 
articulation  of  the  thumb  is  not  an  uncommon  injury,  and  occa- 
sionally ofiers  considerable  resistance  to  reduction.  This  is  due 
to  the  intt^rposition  of  the  anterior  ligament  and  is  probably  not 
the  result  of  the  nn^tacnrj)al  head  becoming  caught  between  the 
tendons  of  tlie  flexors  of  the  thumb,  as  is  commonly  thought. 
Any  of  these  luxations  may  be  complete  or  incomplete  according 
to  the  extent  to  wlii(*h  the  plialanx  has  ])een  displaced.  Luxations 
of  the  interphalangeal  joints  are  similar  to  those  occurring  between 
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fthe  inpfaearpalH  mu]  [>roxinial  row  of  |>lialaiijres.  The  types  of 
Idisplawniprjts  are  tiic  sariie  a  ml  t!:e  niri'liaiiisni  which  obtains  is 
[.Biiiiilar. 


PTSi|<»iwPMi>W   P^    I'*''    i^ii'iri)''-      <  truTiion    t'i>rtii. 


F\g,  440. 


J^ifn.  4M  find  44ft. — ViMiTrnl  und  dorMkl  viiw*  of  ii  eoiii|>{>uii(l  iliHhtciUton  of  lli* 
l47rTniTittl  [ibsUiix  ui  Ibe  Llminli.  Whfui  an  nrtn-uHr  uurfnri*  ir  Pxpo«fld  ttH  I  hi*  oue  is 
it   nhould  be  thorouelilv    rli^nitned   l>pfor«*  rfclnctifin,       (Sim*   "Oppraiivo  Trt>atim»nT    of   Com 


Fin.   460, — Old    nulwtird    diKlcH'Atinri    of    Ommli    which    wpt*    iu'Ver    rediun'd.      Pliluri? 
taknti  )<*i»rk  follfiwin^  injurj , 

Diagnosis. — The    n/cojcrjitiun   of   Ihrsr   Inxatioiis   is   tmi   emy   to 
rfc»quire  de«iTjptiun.     Tit*'  i>atii'nt   will  almost   iiivariahly  diagnose 
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ntirJtlli<   flnjrvT  \h* 


Tig.  402. 

n    twiMinir   fttrjitn.      Rnnf'  nf   ih<»  nfti^nnd   pHsliint   ii*m   hmhtnA 
<       lir<<lnrliofi    ^a«U7   iirconipllch^d   by   traelton    mid   fouot^r- 


KlE*   458. — Vffntral    diBlorAiicin    of    s*et'*»tnl    kiiii*  kU-       )<Iii<vily    rc4uctFd- 


FiiE.  454, —Backward  dirilorntion  of  left  index  tlng^r,  Thp  h^md  of  th*-  flrtl 
phnlftax  projCKpt*  throuich  Ihr-  nkin,  Thi«  type  of  dulorntinn  (iJinosi  invftrinbly  becomes 
cofnpnutid  by   tvni-int;   of  tbt-  itkin  on   tlit?  i^i^nirftt   nipooi  uf  thu  firifer  opp<Mtte  the  jolitit. 
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an 


I 


the  nature  of  the  injury  before  tlip  .sursjeon  sees  bim,  Compli- 
eating  fracture  of  tbe  hnse  of  the  distal  phalanx  is,  however,  occa- 
sionally overlooked 

Sjrmptoms. — Tbr*  injured  flufrrr  is  inuuediately  thrown  out  of 
function  and  the  ar-eoiiijian}  intr  [*ain  is  usnally  severe.  The  de- 
formity is  ai>i»arent  and  eharneteristie  and  vnries  neeordino:  to  the 
nature  and  diret^tioo  of  the  luxation.  Thr  *"i(MMiiTifisinyinLr  illustra- 
tions will  serve  to  eoovey  an  idea  ot"  the  np  pea  ran  re  of  these  joints 
immediately  followingc  the  ditTerent  forms  of  dislntnitinn.  fRee 
Figs.  447  to  455.^ 


Fi|r.  *SS* — Biickw:u*d  luxation  at  the  fctvi.;,*;  >*a>.;  ,*!  i.',..*-  .iii*t.,i^  uii^fr,  DUIocatton 
rcDdered  rnmpnund  hy  ncouod  on  Yedtral  suri»rf%  ol  tinRer  opposite  ilis  joint.  Wound 
Bimilur  (o  that  seen   in  Fig'.   i54. 

Treatment.— In  simple  eases  reduction  should  be  effected  as  soon 
as  the  case  is  seen.  In  compound  luxations  the  displacement 
should  not  l>e  eorreeted  until  the  wound  and  exposed  artieular  or 
synovial  surfaces  have  been  thoroughly  cleaned  and  irrigated 
with  salt  solution,  as  will  he  deserihed  under  the  heading  of 
'"Treatment  of  Compound  Fractures  and  Luxations**  on  page  789. 
The  manipulati^>ns  employed  in  reduction  vary  with  the  type  of 
displacement  and  consist  of  sliding  the  base  of  the  displaced 
phalanx  back  onto  the  head  of  the  proximal  bone.  In  a  complete 
luxation  with  ovrrridiu*!  d<^formity  traction  and  eounterdraction 
may  prove  inefficient  and  wh**u  such  is  the  case  the  angular  de- 
formity should  be  increased  until  the  edge  of  the  base  of  the  distal 
bone  is  started  onto  the  head  of  the  proximal  bone»  whether  it 
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be  metacarpal  or  phalanx.  The  principles  involved  are  similar  to 
those  employed  in  reducing  fractures  of  the  bones  of  the  forearm 
where  the  fractured  surfaces  are  engaged  before  the  angular  de- 
formity is  corrected.  If  the  surgeon  appreciates  the  conformation 
of  the  articular  surfaces  entering  into  the  joint  and  the  nature 
of  the  displacement  there  should  be  little  difficulty  in  accomplish- 
ing reduction  in  uncomplicated  cases. 

Operative  Treatment. — Operative  treatment  is  indicated  in  com- 
pound cases  and  in  instances  in  which  some  tissue,  such  as  the 
anterior  ligament,  prevents  reduction  by  manipulation.  In  com- 
l)Oun(l  cases  the  wound  usually  consists  of  a  transverse  tear  on  the 
ventral  aspect  of  th(»  joint  and  it  is  of  the  greatest  importance  that 
this  wound  be  thoroughly  cleansed  and  irrigated  before  the  luxation 
is  reduced.  Jf  infection  follow\s  a  compound  luxation  it  is  probable 
that  motion  will  be  lost  in  the  finger  as  a  result  of  adhesions  within 
the  joints  and  between  the  tendons  and  their  synovial  sheaths. 
(See  ** Treatment  of  Compound  Fractures  and  Luxations,*'  page 
789.) 

After-Treatment. — Following  reduction  the  injured  articulation 
should  be  put  at  rest  to  allow  healing  of  the  torn  ligaments. 
Early  passive  motion,  however,  is  essential  to  the  subsequent 
restoration  of  function.  A  satisfa(*tory  plan  is  to  treat  the  in- 
jured member  in  a  position  of  extension  for  the  first  three  or  four 
days  and  then  to  remove  the  dressing,  flex  the  finger  to  break  up 
forming  adhesions,  and  ininiobilize  it  in  this  position  for  a  similar 
period.  These  j)eri()ds  of  flexion  and  extension  are  repeated  until 
the  after-trentment  is  eoniplete.  Thus,  when  adhesions  are  broken 
up  within  the  joint  or  in  the  tendon  sheaths  and  the  position  of 
the  finger  changed,  th(»  denuded  synovial  surfaces  no  longer  remain 
opposed  and  th(»  chances  of  the  adhesions  reforming  are  reduced. 
A  straight  sj)lint  may  be  used  for  the  extended  position  and  a 
roller  bandage,  sucli  as  is  used  in  the  treatment  of  fractures  of 
the  metacarpals  (see  page  .*UU),  may  be  used  to  immobilize  the 
finger  in  flexion,  llealinvr  of  the  torn  ligaments  should  be  suffi- 
ciently far  advanced  at  the  (Mid  of  two  weeks  to  allow  guarded  use 
of  the  injured  finger.  In  infected  cases  it  may  be  quite  difficult 
or  even  impossible  to  reestablish  motion  after  the  wound  has 
healed,  and  if  the  infection  is  severe  it  may  necessitate  multiple 
incisions  for  the  evacuation  of  pus  along  the  course  of  the  synovial 
sheaths  and  in  the  tissues  surrounding  them. 
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Prognosis. — In  simple  cases  restoration  of  function  should  be 
complete  with  proper  treatment  although  a  small  degree  of  flexion 
may  be  permanently  lost.  In  compound  cases  followed  by  infec- 
tion, the  prognosis  will  depend  entirely  on  the  virulence  of  the 
invading  organism,  the  resistance  of  the  patient  and  the  treatment 
he  receives.  A  serviceable  joint  may  follow  in  a  compound  in- 
fected case,  but  the  chances  of  a  stiff  finger  are  great  and  the 
patient  should  be  made  to  appreciate  this  fact  early  in  the  after- 
treatment.  If  the  infection  is  severe  amputation  may  be  neces- 
sary. 


PART  II. 
HEAD  AND  TRUNK. 
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CHAPTER  XXV. 

FRACTlIRi:s  OF  THE  N(mE. 

Surgical  Anatomy^^Tlie  liony  frauu^work  of  tlit*  uosi*  t'Oiiiprises 
not  only  tln^  Iwo  nayal  boiK*s,  but  al«o  the  nasal  processes  of  the 
supfTior  itiHxilltt%  the  bony  septiiiii  and  the  nasal  spine  of  the 
frontal.  Tlie  nana  I  bones  consist  of  two  sinalh  obh>n^',  quadri- 
lateral bones  situated  at  tlie  bridjjfe  of  tf\e  nose.  These  bones 
artieulah*   laterally    witfi    the    [iroeesses   of   the   su|p*4-ior   nuixilht*. 


TiiS-    456. 


Fiij.    t:*?. 


I 


Fljfii.  45fi  iin«]  4.17. — HAisittftt  Kect'mn  rlirmi^h  the  ii»hii1  cpvitv.  f.  K.,  Verlienl 
pbt*  of  frontftl;  N.,  Natuil  bon«»;  N.S,.  Nasnl  Kjiine;  \.  T,  nnnul  prucfiki  nf  ^up^rhir 
tnftxilln,  C.tl  ,  Crista  Cifdll:  S.3\.  Huiitrior  lurbiTial*-;  M.T.,  Middli*  tiitiimiitf.  I,T., 
IttterioT  iitrbiiiMte;  S,^  Body  of  sphenoid;  i'al..  I'aUli!  b*iin«;  l\  [*,,  eMlittnl  procp^H  of 
•i»p*rlor   innxillfi, 

above  with  tlie  frontal  (at  the  nasion )  and  in  the  median  [ihine. 
with  eaeh  other.  The  two  nasal  bones  meet  in  the  medijni  line 
and  rest  upon  the  spine  of  tiie  frontal  in  much  the  same  manner 
as  the  rriftern  of  a  roof  rest  u^mn  the  kiTipr-beani.  This  nasal  spine 
is,  in  turn,  baeked  up  hy  thi'  vertieal  plate  of  tln^  rthiiund.  This 
continuity  of  hony  tissue,  from  tin*  nasa!  bone  to  the  ehrista  ^alli, 
explains  the  possibility  of  a  blow  on  the  Ho.se  dis|ilai*intr  the  ver- 
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tical  plate  of  the  ethmoid  upward  into  the  anterior  fossa  of  the 
skull.  In  young  subjects  the  articulations  in  the  bony  framework 
of  the  nose  are  distinct  and  contain  more  or  less  intersutural  tis- 
sue, but  in  old  age  the  sutures  are  ossified  and  the  different  bones 
become  continuous.  It  is  therefore  evident  that  in  the  aged  a 
greater  amount  of  the  trauma  of  the  nose  injuries  is  transmitted 
to  the  vertical  plate  of  the  ethmoid  and  septal  complications  are 
more  common. 

The  lower  half  of  the  nasal  bone  is  thinner  and  more  friable 
than  the  upper  half;  the  inferior  border  is  sharp  and  has  attached 
to  it  the  upper  lateral  cartilages  of  the  nose.  In  the  less  severe 
cases  fracture  is  limited  to  the  lower  portion  of  the  nasal  bones 
because  of  the  more  exposed  position  and  weaker  construction. 

The  deep  surface  of  the  nasal  bones  is  covered  by  mucous  mem- 
brane which  is  commonly  lacerated  in  fracture  with  displacement, 
and  hence  fractures  of  the  nasal  bones,  which  are  usually  considered 
simple  (and  are  simple  as  far  as  the  skin  is  concerned)  are  in 
reality  rendered  compound  by  laceration  of  the  mucous  lining  on 
the  deep  surface. 

The  bony  septum  is  composed  of  the  vertical  plate  of  the  eth- 
moid above  and  the  vomer  below  (see  Pig.  457). 

The  angular  interval  between  the  ethmoid  and  the  vomer  is 
filled  in  by  the  cartilaginous  septum.  This  cartilaginous  septum  ar- 
ticulates with  the  anteroinferior  border  of  the  vertical  plate  of 
the  ethmoid  and  is  continued  into  the  vomer  below.  The  junction 
of  the  cartilaginous  septum  with  the  anterior  border  of  the  vomer 
is  peculiar  because  of  the  unusual  manner  in  which  the  vomer  is 
ossified.  The  ossification  of  the  vomer  begins  in  a  single  center 
and  spreads  in  such  a  manner  that  two  lateral  plates  of  bone  result, 
with  a  median  layer  of  cartilage  between  them,  which  is  continuous 
anteriorly  with  the  quadrangular  septal  cartilage  of  the  nose. 
Union  between  the  two  lateral  platens  of  bone  does  not  take  place 
until  after  puberty.  This  peculiar  arrangement  results  in  the 
articulation  l)ct\vccn  the  vomer  and  the  cartilage  being  stronger 
than  the  upixM*  articulntion  between  the  ethmoid  and  the  same 
cartilajze.  These  anatomical  points,  together  with  the  fact  that  the 
trauma  is  more  din^ctly  transmitted  to  the  upper  part  of  the  sep- 
tum, account  for  the  more  frequent  displacement  taking  place 
between  the  ethmoid  and  the  quadrangular  cartilage  in  youth. 
Unless  the  interior  of  the  nose  is  carefully  inspected  early  in  the 
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treatment,  septal  displacements  may  go  unrecognized  during  the 
time  that  treatment  would  be  most  efficient. 

The  angular  artery  and  vein  (continuations  of  the  facial  vessels) 
are^rourid  running  in  a  nearly  vertical  direction  bebind  and 
lateral  to  the  nasal  bones,  in  which  position  they  may  give  rise  to 
troublesome  hemorrhage  when  injured  in  severe  compound  frac- 
ture of  the  nose. 

The  nasal  nerve,  a  branch  of  the  ophthalmic  division  of  the 
trifacial,  runs  longitudinally  on  the  internal  surface  of  the  nasal 
bone  after  having  passed  from  the  orbit  to  the  nasal  cavity  by 
way  of  the  anterior  ethmoidal  foramen  and  nasal  slit. 

The  upper  portion  of  the  vertical  plate  of  the  ethmoid  is  grooved 
for  the  passage  of  the  ethmoidal  nerves  from  the  Schneiderian 
membrane  to  the  olfactory  bulb.  The  nasal  nerve  is,  strictly 
speaking,  a  nerve  of  sensation,  while  the  olfactory  nerves  have  to 
do  with  the  sense  of  smell ;  the  juxtaposition  of  these  nerves  with 
the  bones  involved  accounts  for  the  frequent  disturbances  of  smell 
and  sensation  following  fractures  in  this  region. 

The  mucous  membrane  of  the  nose  is  highly  vascular,  and  in 
cases  where  a  large  vessel  is  lacerated  we  may  experience  consider- 
able difficulty  in  controlling  hemorrhage. 

Etiology. — Fractures  of  the  nasal  bones  and  adjoining  bony 
structures  are  the  result  of  direct  violence,  such  as  blows  on  the 
face,  falls  and  trauma  sustained  by  various  means.  Fractures  of 
the.  nasal  bones  constitute  between  four  and  five  percent  of  all 
fractures.  The  injury  is  most  commonly  seen  as  the  result  of 
brawls. 

Symptoms. — The  prominent  symptoms  of  fracture  of  the  nose 
are  deformity,  mobility  and  crepitus.  Swelling  of  the  soft  parts 
rapidly  follows  the  trauma  and  epistaxis  is  practically  constant 
and  appears  immediately  following  the  injury.  There  is  more  or 
less  obstruction  to  nasal  respiration,  depending  upon  the  inward 
displacement  of  the  fragments,  the  swelling  of  the  mucous  mem- 
brane and  the  accumulation  of  clotted  blood  within  the  nasal 
cavities.  The  more  extensive  the  region  involved  by  fracture  and 
the  more  pronounced  the  trauma,  the  greater  the  frequency  of 
pronounced  nasal  obstruction.  In  severe  cases  where  the  fracture 
extends  well  backward  involving  the  nasal  canal,  in  the  nasal 
process  of  the  superior  maxilla,  we  may  have  obstruction  of  the 
nasal  duct  with  consequent  lachrjmation  of  the  affected  side.     Oc- 
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easioDHlly  \V(^  lutvt-  rmjihyst^iim  of  tlu*  ineiids  and  hwe  as  a  result 
of  jiir  hnviiiy:  Ihu^u    fdn-iMl   froin   t\u^  imsn\    |ias,snf_res  into  tli«^  sul^ 


Fig.    4.yH, 


trie.  459. 


Fif,  4S8, — Old    fracture  of   nu&nl    bi>niL>»    wUU    latt^rul  diiplac^mecii. 
Fist.   459,-— Old    frarture    of    iinAol    boiies    with    Ifitornl    displacement. 


Fttf,        **Til 


Fijf,   461, 


Fi|6-   400. — St'iiiiriUlun.    iitid    iin^fiitAr    di«id)u-i*menl   of   littfTiil    iind    «PptAl   rartilafes   fo 
yiitienl'ti  riffhl. 

Fiir,   4(11. — Frftrt»»r*»  of    iitiHal   iMiiien    with    disidiifi'int'Mt    ti}   rijcht.      pMrtial    K4''|»:iriiluin 
of   liutt^niT  utut   Hi'titnl  rtirtilji|;i-s   willi   diisphu't'tii^nl   tii  Irff. 


t'litiiiiiHjus  relliiliir  tissiif.     The  iiatinv  of  Ihe  lale  symptoms  will 
vary  accordiiijT:  to  tht^  preseiire  or  absence  of  infection.     The  cir- 
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culation  is  extremely  free  in  this  region,  tlie  vitality  and  resist anee 

Jof  the  tissues  great,  and  aeeordingly  we  find  recovery  more  prompt 

jid  eomplete  than  might  otherwise  be  expected.     Necrotic  bone  is 

eldoni  serii.  and  infeetioiis,  oxeept  wht^n  vindeiit,  are  shurt-li%"eiL 

JSuppiiratioii,    however,    when    ont*e    established,    may    persisit    for 

reeks  if  there  are  particles  of  necrotic  bone  present.     The  dis- 

Icliarge   will   keep    up    until    these   pieces   ha%'e   been    removed    or 

Itbrowii  off. 

Diagnosis*— Diagnosis  of  fracture  of  tlie  nose  is  based  upon  the 
iyrnptoras  already  enumerated:  deformity,  mobility  and  crepitus. 


I 


Fig.   462, 


Fig».  462  and  465. — Two  Tiew*  of  n  •  iiw<r  of  *iifMnicliori  of  llie  nasal  bridge  due  to 
jrpbllia.      Deformity   re«enible«  deformity    folliiwiinf   s*'\«Tr   frn^'liirr. 


fl>eformity,  as  observed  in  these  casrs,  is  not  us  relial>le  from  a 
'diagnostic  standpoint  as  it  is  in  rijiiiurt^s  of  otiier  rci^ions.  This 
ifact  is  due  to  tlie  variability  of  tUv  normal  uasnl  outline  tot;etlu'r 
l^itli  the  frequent  presence  of  old  UTn^edueed  deformities  following 
previous  fractures. 

If  the  bridge  of  the  nose  is  gripped  between  the  thumb  and  the 
index  finger  the  stability  of  the  liones  may  b<^  ascertained  and 
lerepitua  elicited.  The  question  of  nH>lji!ity  is  rather  vnnal>hj. 
During  examination  it  is  not  infreqneuMy  possible  to  ilisi»lare  the 
fragnii^fits  from  side  to  side  witJi  Imt  slight  edVvrt ;  bnt  on  the 
Other  liand,  we  often  see  cases  in  wliitdi  the  bones  have  lieen  for- 
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cibly  (lisphired  to  one  m\v  aiic]  liiive  ajijvarciitly  hefoine  weilirecl, 
nviuiriri*^  t'oiisidiTahlt*  foret'  to  rt^tiirn  tlu'iii  to  tlieir  normiiJ  rela- 
tions. A  Joiif?  sleiuler  instrument  similar  1o  the  ilivider,  when 
l»ro|it^rly   luissrd  iipwanl  b«*liin{l   llu*  avnX  of  fracture*  will  eiiable 


Fig.    464. —  Fftliin^    m   at    cwrliljiKW    iii    «ilil    riwie    of    syphilU, 


FiK.    4  0: 


uUU' 


>  r«  diliiry    syphilin. 


the  surgeon  to  thttrmiiie  the  internal  contour  of  the  nasiil  frat?- 
nients.  The  iliagiiosis  of  fraeture  of  the  nose  cannot  he  considered 
complete  without  ascertaining  the  condition  of  the  osseous  and 
cartilatrinous  nasal  seiitum.  This  may  he  accomplished  by  direct 
inspection  or  by  palpation  with  a  probe. 
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Treatment. — In  tkaling  with  frai-tures  in  this  rcgjion  the  treat- 
nn'nt  niii«t  vary  a<*('ordiii*;  to  tfje  sev*^rity  of  I  lie  iujury.  Severe 
eoMii>ouiid  eommiiuitrtl  fnietures  may,  at  times,  become  extremely 
diffienlt  to  manage.  The  indirations  must  be  considered  in  each 
and  every  individual  ease.  Displaeement,  when  i>resent,  must  be 
eorierted,  anil  the  frairnieiifs  niaiHtainiHl  in  jiroppr  aj)]iosition.     Ke- 


Fig,   467. 

Fif.  46ti, —  Huisiitg  ibe  imnul  thuii'j>  Uy  nii'EinK  of  "divider"  within  Ihe  iiusul  cuvUy 
Rnd  lEiouldini?  tbtom  inio  poHJitinn  with  nUv  tliunib  nut]  iuilr^x  fiuK:(^T, 

Fig*  4*57. — Parking  niipnl  reivkifH  with  «tripfs  jvf  gnxi/v  soaked  i«  tidn-nj'iiliii  to  control 
liemfirrliKK«  »nd  mnpiHirt  hrklfs^i;'  of  tu>Ki<. 

cluetion  is  iisnally  l)est  aeeonijtlished  by  eombined  rxternal  aii<l 
internal  niani[nilation.  A  situdl  Kit-nder  instrurneut  %vhic'h  will 
approximately  tit  I  hi*  posterior  surface  of  the  nsisal  bane  is  f>assed 
upward  into  the  nose,  thi-  fra^niient  raised  and  pushed  bark  into 
posit  ion,  with  tiie  assist  a  nee,  exti'rnally,  of  the  thumb  and  index 
of  the  opposite  liamL 

wuua 


^ 


FiiC.    4i^H 


III    ;.|iliivts.      UMfTprrni   hik^^. ) 


Jioth  sides  should  be  adjusted  in  this  manner,  and  the  eontour 
of  the  nose  carefully  insjieeled  and  palpated  to  i>roduee  as  syni- 
metrie  a  result  as  possibb\  At  the  same  time  we  nnist  ire  pre- 
pared to  readjust  the  septmn  wlien  it  shows  lateral  dis|»hieenu'nt. 
T\u*  in.inrie.H  seen  in  the  septum  are  numerous,  involvin*:  for  the 
most  f»art  the  rpiadrangular  cartilage  and   the  vertical   plate  of 
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the  etlitnoid;  the  important  point  as  far  as  treatment  is  concerned 
is  the  tendency  toward  displacement  after  the  nasal  bones  have 
been  replaced.  Lateral  bowing  of  the  septum  or  overriding  of 
the  fragments  should  be  reduced,  and  if  there  is  tendency  to  re- 
en  r  re  nee  of  deforniity  some  means  of  niaintuioini;  red  net  ion  must 
be  employed.  The  tubular  nasal  splint  will  often  accomplish  all 
that  is  required  but  if  some  more  secure  method  is  needed  pins 
may  be  introduced  to  hold  the  septum,  as  suggested  by  Roberts/ 

Hemorrhage  from  the  torn  mucous  membrane  may  be  severe,  but 
even  when  moderate  at  the  time  of  exam imH ion  there  is  no  assur- 
ance that  it  will  not  be  profuse  a  few  liours  latter;  il  is  therefore 


Ftir.  ^fSO.- — Author'fc    mouliled,    detUnl    c^mtioeilicio,    niiaal    BpUnt. 
Fig.   470. — Tlie  Cobb  nanal  hplint. 

wise  to  pack  the  upper  anterior  portion  of  the  nasal  cavity  at  the 
first  treatment.  This  will  maintain  the  fra^'ments  in  proper  posi- 
tion and  also  serve  as  a  pack  to  control  liemorrhage  from  the 
lacerated  portion  of  tlie  mucous  membrane.  It  is  usually  not 
necessary  to  pack  the  parts' tightly  enough  to  bulge  the  bridge  of 
the  nose;  the  strip  of  gauze  however  should  be  carried  well  up 
under  the  nasal  bones  before  the  packing  is  begun.  If  these 
stri(>s  of  gauze  are  previously  saturated  with  a  1  to  1,000  adrenalin 
cidorid  solution  we  have  an  additional  preventive  against  hem- 
orrha^'c.  When  the  case  is  first  seen  liemorrhage  is.  as  a  rule, 
the  most  important  element  to  be  dealt  with,  and  for  this  reason 
it  is  best  to  employ  the  pack  rather  than  the  nasal  splint,  which 
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finds  a  more  appropriate  place  in  the  after-treatment  of  the  ease. 
We  should  attempt  to  reduce  deformity  immediately  following 
injury,  yet,  if  the  hemorrhage  is  pronounced,  it  should  be  con- 
trolled even  at  the  expense  of  perfect  reduction.  Later  on  when 
the  danger  of  hemorrhage  has  passed,  more  accurate  adjustment 
of  the  fragments  may  be  made,  and  one  of  the  various  forms  of 
nasal  splint,  commonly  in  use,  employed.  The  same  trauma  which 
produces  the  fracture  not  infrequently  lacerates  the  skin  over  the 
nose.  When  this  is  the  case,  we  have  the  wound  to  treat  as 
well  as  the  fracture.  Wounds  when  present  should  be  thoroughly 
cleansed  and  the  edges  approximated.  If  the  margins  of  the 
wound  show  much  laceration  the  ragged  edges  should  be  trimmed 
away  with  a  sharp  scalpel  before  the  sutures  are  placed.  Either 
local  or  general  anesthesia  is  advisable  except  in  the  most  mild 
type  of  case.  If  the  nose  is  gently  packed  for  a  few  minutes 
with  strips  of  gauze  saturated  in  a  four  percent  solution  of  co- 
caine, subsequent  manipulations  will  be  rendered  almost  free  from 
pain  and  the  surgeon's  work  is  made  much  easier. 

Operative  Treatment. — There  is  little  in  the  way  of  operative 
treatment  in  these  cases  aside  from  that  already  described.  There 
are  exceptional  cases,  however,  in  which  it  may  be  necessary  to 
reconstruct  the  bridge  of  the  nose  or  to  correct  old  deflections  of 
the  septum  or  nasal  bones  which  have  resulted  from  old  unre- 
duced fractures.  Pronounced  depression  may  result  either  from 
the  original  trauma  or  from  subsequent  infection  and  sloughing. 
Syphilis  is  still  another  cause  of  falling  of  the  bridge  or  cartilages 
and  the  resultant  deformity  should  not  be  confused  with  the  trau- 
matic condition.  Syphilitics  often  misrepresent  their  case  and 
unless  the  surgeon  recognizes  the  luetic  nature  of  the  condition, 
he  may  perform  a  plastic  operation  on  the  nose  of  an  active 
syphilitic,  while  the  specific  processes  are  still  destructive. 

In  correcting  deflections  and  depressions  of  the  bridge  an  at- 
tempt is  made  to  bring  the  disi)laced  portions  of  bone  back  into 
position  after  having  re  fractured  them  as  near  as  possible  to  the 
original  seat  of  fracture.  Much  can  be  accomplished  in  the  lower 
portion  of  the  bone  by  incisions  through  the  mucous  membrane  on 
the  deep  surface  of  the  bones.  When  the  deflection  begins  high 
up  near  the  frontal  refracture  may  be  accomplished  by  a  small 
subcutaneous  incision  and  narrow  chisel.  After  the  displaced 
fragments  have  been  refractured  they  are  brought  back  into  posi- 


Xi2  FRACTIRES  AND  DISLOCATIONS 

lion  Hiid  tn*at<»(l  the  same  as  a  recent  fracture.  The  septum  re- 
quircM  attention  and  when  deflected  it  may  become  necessary  to 
do  a  HuhniucoiiH  rew^ction,  as  is  done  for  deflections  resulting  from 
CHIIMCM  other  than  fracture.  In  some  eases  of  saddle  nose  there  is 
not  HU  flic  lent  bony  tissue  from  which  to  reconstruct  the  bridge  and 
the  prohh'm  th(»n  heconios  one  not  only  of  plastic  surgery  but  also 
of  l)on<»  transplantation.  A  hone  transplant  of  appropriate  size 
and  Hhape  is  taken  from  the  crest  of  the  tibia,  introduced  within 
the  tiNHUes  ot*  the  nosi*  and  the  soft  parts  closed  over  it  according 
to  thi*  phiHtie  m(»thod  best  suited  to  the  case  in  hand.  When  the 
hone  traiiMphnit  is  used  it  sliouhl  be  shaped  and  placed  to  fit  the 
ueedH  of  the  partieular  ease,  and  the  denuded  osseous  material  of 
the  tnihsplant  should  be  brought  firmly  in  contact  with  the  de- 
nuded HUrfaee  of  the  living  bone,  so  that  the  reformative  osteo- 
Uenetie  elements  nuiy  liiul  their  way  from  the  living  bone  into  the 
traUMplant  during  the  prix»ess  of  repair.  The  injection  of  paraffin 
to  eorreet  nasal  depression  has  often  been  followed  by  satisfactory 
re>*ultM,  but  on  the  whole  cannot  l>e  recommended  except  in  rare 
\^aMeH. 

'I'he  uuvst  satisfactory  suturt\  except  where  there  is  considerable 
teuHi\Mi  of  the  parts,  is  hoj-se-hair. 

Aft^r  Tr«»tment  The  gau/e  packs  should  not  be  allowed  to 
n^uuun  \\\  plaee  more  than  forty-eight  hours  at  the  most  and  we 
hlu»ulvl  rvereise  the  greatest  gentleness  in  their  removal  in  order 
that  we  may  avoid  the  recurrenee  of  hemorrhage.  If  the  packs 
are  allowed  to  n-maiii  loiurer  they  become  foul,  thus  favoring  in- 
ri«»titMi  and  snppnnitioii.  We  oeeasionally  meet  with  cases  in 
whieh  both  prinmrv  niid  secondary  hemorrhage  are  difficult  to 
ctnitrol.  It*  licmorrlm^'c  follows  the  removal  of  the  packs,  the 
inside  of  the  iMisr  is  \n  be  inspected  to  determine  whether  we  have 
H  general  oo/inj/  or  a  hemorrhage  from  a  single  vessel.  In  cases 
where  loss  of  blood  from  a  single  vessel  is  persistent  it  may  become 
advisable  to  loNch  the  bleeding  end  with  a  small  electro-cautery. 
When  the  dji niters  of  lieniorrhag(»  and  infection  are  past  the  re- 
nniinin^r  desidiiiitnni  consists  in  maintaining  the  fragments  in 
position  nntil  union  Inis  taken  place.  In  most  cases  the  simple 
nasal  splint  ( Asehe  splint)  fitteti  into  the  upper  nares  will  suffice. 
A  slijrht  (h'LM'ee  of  pressure  may  be  maintained  from  the  outside 
by  strips  of  ndhesive  plaster  ai)plied  across  the  bridge  of  the 
nose.     Various  types  of  complicated  external  nasal  splints   (such 


FRACTURES   OP   THE   NOSE  333 

as  the  Cobb,  Eisendrath,  Neres,  etc.)  have  been  devised  and  used 
with  success,  but  it  is  only  in  rare  instances  that  they  are  of  real 
ser\'ice. 

When  external  pressure  is  necessary  to  maintain  the  fragments 
in  proper  position  we  may  employ  the  following  method  which 
is  quite  efficient  and  simple.  A  piece  of  dental  composition,  hav- 
ing been  rendered  pliable  by  immersing  it  in  hot  water,  is  applied 
to  the  nose  and  a  mould  of  the  parts  taken  with  such  pressure  as 
may  be  necessary  to  maintain  proper  reduction.  Cold  water  is 
then  poured  over  the  composition  to  harden  it  before  removing 
it  from  the  nose.  The  newly  formed  s[)lint  is  then  removed  and 
trimmed  as  desired,  after  which  it  is  replaced  and  secured  by  means 
of  strips  of  adhesive  plaster  (see  Fig.  46!)).  If  thought  desirable, 
additional  leverage  may  be  obtained  by  extending  the  splint  up- 
ward onto  the  forehead  where  it  is  again  secured  by  transverse 
strips  of  atlhesive.  It  is  better  not  to  employ  any  form  of  moulded 
splint  until  after  the  acute  swelling  has  subsided,  which  will  take 
from  three  to  four  days; — on  the  other  hand,  delay  beyond  the 
fifth  or  sixth  day  is  not  advisable  since  union  in  this  region  is 
often  rapid.  External  pressure,  however,  is  rarely  needed  if  the 
essentials  previously  mentioned  are  properly  followed  out.  Union 
should  take  place  in  the  average  adult  in  from  ten  days  to  two  and 
a  half  weeks  but  it  will  be  over  a  month  and  a  half  to  two 
months  before  the  parts  should  be  subjected  to  any  considerable 
pressure,  and  the  patient  should  be  cautioned  in  this  regard. 
During  the  course  of  after-treatment  the  internal  nasal  splints 
should  be  removed  at  intervals  of  three  to  four  days,  and  nasal 
douches  employed  daily  to  prevent  the  parts  from  becoming  foul. 
Normal  salt  solution  or  one  of  the  mild  alkaline  antiseptic  washes 
will  be  found  satisfactory  as  a  douche.  Subcutaneous  emphysema, 
ecchymosis  and  swelling  will,  as  a  rule,  subside  during  the  first 
few  days  without  the  use  of  any  special  method  for  their  relief. 

Prognosis. — The  prognosis  is  almost  invariably  good,  yet  we 
cannot  guard  too  carefully  against  infeetion  in  this  region.  The 
deformity  is  almost  always  a  nuitter  subject  to  correction  and  aside 
from  exceptional  cases  the  ultimate  cosmetic  results  should  be 
good. 


CHAPTER  XXVI. 

FRACTURES  OF   THE   MALAR  BONE   AND 
ZYGOMATIC  ARCH. 

Surgical  Anatomy. — Anatomically  speaking  the  malar  is  a 
(li8tin(!t  bone,  hut  from  a  surgical  standpoint  it  becomes  neces- 
Hary  to  consider  the  various  processes  with  which  it  articulates  as 
a  i)art  of  that  hone,  since  fractures  are  rarely  limited  to  the 
niaUir  alone*.  The  hone  is  roughly  quadrilateral  in  shape,  articu- 
latew  with  the  frontal,  great  wing  of  the  sphenoid,  zygomatic 
I)roeeHH  of  the  temporal  and  the  malar  process  of  the  superior 
?naxilla.  It  also  forms  part  of  the  wall  of  the  temporal  and 
zygoinatie  fossa*  and  enters  into  the  formation  of  the  orbit.  The 
hon(?  \h  coiiipose^d  of  heavy  compact  tissue,  its  strength  being  such 
that  blows  on  the  face  usually  result  in  impaction  of  its  supports 
rather  than  fracture  of  the  bone  itself.  The  fact  that  the  malar 
enters  into  the  formation  of  the  wall  of  the  orbit  and  the  zygo- 
matic fossa,  will  l(»a(l  to  symptoms  peculiar  to  these  cavities  when 
the  boiK'  is  displaced.  From  a  surgical  standpoint  the  zygomatic 
arch  is  to  be  considered  as  a  whole,  and  since  the  zygomatic  process 
of  the  temporal  and  the  malar  both  enter  into  its  formation,  these 
two  structures  are  spoken  of  as  one.  The  space  beneath  this  arch 
is  nonnally  filled  by  the  coronoid  process  of  the  inferior  maxilla 
and  the  temporal  muscle,  and  any  inward  displacement  of  the 
arch  must  iiicroach  upon  these  structures  and  interfere  with  their 
function,  intcrrerence  with  the  action  of  the  lower  jaw  may  some- 
times result  from  the  extravasation  of  blood  or  from  swelling  of 
the  (issues  beneath  the  arch,  and  we  thus  have  a  symptomatic 
sinnilation  of  bony  depression.  So-ealled  fracture  of  the  malar 
consists  chiefly  in  impaction  of  the  bone  into  the  processes  sup- 
port inir  it,  especially  that  of  the  superior  maxilla.  The  largest 
process  support in»r  tin*  bone  is  the  malar  process  of  the  superior 
maxilla,  and  since  the  antrum  of  lliirhmore  projects  well  up  into 
this  process  (^sometimes  I'ven  penetrating  into  the  malar)  the  frac- 
tun^  may  open   into  the  cavity  of  the  antrum;  when  such  is  the 
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case  \he  maimer  in  wfiidi  'lir  may  b*^  farced  from  the  nasal  eavity, 
through  the  antrimi,  iiito  the  eonjiinctiva,  is  evident.  Thus  the 
resulting  subconjunctival  emphysema,  when  present^  indicates  the 
i^ondition  of  the  underlying'  bone. 


Fig,  471 


iijit^riiir   maxillri   iiiul   mnlar   iKtiies. 


I'lif,    472. — Zyjtniiaiitic  nrch  set-ti  from  briow.      Note  tht*  relntionB  of  thr  urrti   iinrl   Uw 
inf#rifir  ttiHxillii, 

lu  fracture  of  tlte  nuilar  the  usual  deformity  eonsist.s  in  depres- 
sion of  the  bone  irjtu  tUv.  superior  maxi!hi  with  a  slight  rotary  dis- 
placement, so  that  the  orbital  l*onler  may  be  felt  jirojeetiu}^  into 
the  orbit  whih*  the  zygomatic  process  is  disphu-ed  inward  and 
downward    (see   Pig.    471),     The    itxalar   is  sometimes   displaced 
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directly  backward  so  that  the  zyjromatic  surface  encroaches  on  the 
space  normally  occupied  by  the  temporal  muscle  and  coronoid 
proc*e8S.  The  condition  is  rare  but  when  present  may  interfere 
with  the  function  of  the  lower  jaw. 

The  infraorbital  canal  runs  close  to  the  plane  of  suture  between 
the  superior  maxilla  and  the  malar,  and  when  the  latter  is  im- 
pacttni  into  the  former  wc  may  have  injury  to  the  nerves  contained 
within  the  canal;  namely  the  antero-superior  dental,  the  middle 
8Ui)erior  dental,  and  the  fibres  which  are  later  continued  into  the 
tenninal  branches.  Accordinjrly,  disturbances  in  sensation  may 
occur  in  the  upper  teeth  and  ^ums  as  far  back  as  the  second  bi- 
cuspid (inclusive)  and  in  the  terminal  branches  of  the  infraorbital 
on  the  fac(\ 

The  subcutaneous  tissue  coverinir  this  re^on  is  loosely  cellular 
and  devoid  of  fascia,  thus  i)ermitting  of  pronounced  and  rapid 
swellin<r  which  is  so  freiiucntly  a  hindrance  to  diagnosis. 

The  muscles  attached  to  this  bone  are  thret*  in  number;  two  of 
them,  th(»  zygomaticus  major  and  minor  are  muscles  purely  of 
expression,  and  hence  disturl)ances  in  their  function  will  be  diffi- 
cult to  recojrnize;  but  th(»  masseter,  attached  to  the  postero-inferior 
border,  is  a  nuisclc  of  mastication,  and  disturbance  in  this  func- 
tion is  readily  detected. 

The  malar  bone  is  sonu'tinu^s  normally  divided  into  two  parts 
by  a  horizontal  suture,  which  anomaly  should  not  be  mistaken  for 
fractun*  during  operation  or  while  exploring  wounds. 

The  postero-sup(»rior  border  of  the  bone  is  continuous  with  the 
tenipornl  crest  of  the  frontal  above,  with  the  upper  border  of  the 
zygoma  below  and  has  the  heavy  temporal  fascia  attached  to  it 
throughout  its  cxt(»nt.  The  antero-superior  border  forms  the  lower 
and  outer  mnrgin  of  the  o»*bit  and  in  this  j)osition  is  easily  pal- 
pated, as  is  the  postero-inferior  border  of  the  bone. 

Etiology. — Fracture  of  the  malar,  like  fracture  of  the  nasal 
bones,  is  tlu*  result  of  direct  violence,  such  as  falls  and  blows  on 
th(»  face.  It  re(|uircs  a  much  greater  degree  of  violence,  however, 
to  fracture  the  malar  than  it  does  the  nasal  bones. 

Symptoms. —  Pain  is  a  constant  element,  while  mobility  and 
crepitus  an»  more  often  absent  than  present.  Swelling  is  usually 
rapid  and  |)ronounccd,  and  ccchymosis  about  the  eye  common. 
The  patient  will  usually  give  a  history  of  severe  trauma  and  may 
present  a  number  of  variable  symptoms  according  to  degree  and 
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direction  of  thr  ilis|iliir4*iiifnt.  If  thr  anterior  nii<l  niidrlle  dental 
liraiielies  of  the  supiTior  nuixillHry  rn^rvp  luive  liri-n  iiijured  there 
may   be   eoiisidorable   jiairu   iiinnbuess   nini    tiimlin<r   of   the   gums 


FiR.   47:i. — Frarture  of   Ihf   Iffi    uu*l.ir    bono   «    few    miiiut*'?,    Jifttr    injury.      Xote   Uie 
ling  itbiiut   the  lefl   eje  uird   thf   wwy   !h<e^  e\«itiiinine    fingor  sinks  into  tlip  Ipft  hide  of 
fuce.      A    niimiHT  of    Kir   l>li*bs    wi*ri»   wfii    twneaih    the   ronjunctivn   twenty  four    hours 
th€  «ir  hnvtnit  ffsitied  entrntiri'  n*  tbi*  tt^KUo^  ihrmich   iht*  »ntr(ifn. 


FIf.  4T4. — FraHnn-  uf  Mt  m»liir  boni-  twi'iilj  four  hour*,  ntior  injuiT.  Nol«  how 
the  flnirer  ftlnks  into  *ht?  pniii'titV  tnrv  ht'tn-at'i  iht?  swollen,  ecchyiiottlr  «^yi?.  A  puflion 
of  the  infmorfoitAl  ridgf  i»  rli^prwtfiiHl  nnd  mi*y  h<»  pnlpnifd. 

and  teeth  of  the  aftVeted  side  as  far  baek  as  seeoiid  hieys|HtJ  (in- 
ehisive).  Frartiires  of  the  zytroiuatie  areh  or  a  hackwanl  ilis- 
placemeut  of  tlie  malar  may  be  accompanied  by  di.stiir bailees  in 
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function  of  tli»*  iT»nfidiIil<\  Then/  may  he  pmn  in  tJie  aftVeted  side 
00  jniisticfitioii ;  ill  isevt're  eases  the  patieDt  may  be  totally  uoable 
to  move  the  jaw.  The  characteristic  symptom  will  consist  of  a 
depression  of  the  malar  or  zygomatic  an-h  with  a  corresponding 
flatteninj^  of  the  cheek;  tJiis  symptom  however  may  be  masked  by 
liwelliiitr,  witliin  a  few  minutes  of  the  injury,  and  unless  a  care- 
ful exaniiiiHfioH  is  mitde  at  the  time,  the  true  condition  may  ba 
overlooked.  Coojuiictival  eechymosis  is  usually  present  and,  in 
some  cases,  conjunctival  emphysema. 


Fig.  475. — Frwf^lurt?  o/  the  posterirtr  portion  of  th.^  raalor  nnd  the  milprior  piid 
of  thf>  Kygoina  on  the  left  Bitiw  of  the  fiiec.  Nott*  how  the  e>xnmuili]|ir  flnjjifr  sinks  into 
tho  ulepriefcicioti  iind  compare  it  wifh  the  linger  on  the  corresponding  i>oial  on  the  un^ 
injurf^a  nidc^.  Eyv  swalkn  akiil  and  cDnjmncUTA  1blood*«hot,  Photograph  &  few  tiiiii^ 
iiteR   following   the   injury. 

Diagnosis. — If  the  swelling  is  not  great  the  examination  and 
diau^nosis  shoidd  be  easy.  The  deformity  which  results  from  tho 
depression  of  the  malar  or  zygortiatie  arch  is  masked  during  the 
acute  stage  by  the  swelling,  and  unless  a  careful  examination  is 
made  to  deterirdne  the  eondifion  and  position  of  the  underlying 
hone  we  may  learn  subsequeuTly  to  our  chagrin  what  the  real  de- 
formity is,  after  the  swelling  has  subsided  and  union  has  taken 
place.  rnsp(*ction  alone,  in  these  cases,  is  valneless  since  the  vis- 
ible symptoms  are  the  same  as  seen  in  ordinary  ** black  eye** 
(eechymosis  and  swelling).  We  should  therefore  carefully  pal- 
pate tlie  parts  to  detenu im^  the  position  of  the  umlprlyin^  bone. 
In  most  ea«es,  coutinutHl  (pressure  whh  the  finger  will  displace  the 
intraeelhdar  inflammatory  fluids  sufficiently  to  allow  the  surgeon 
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to  satisfactorily  appreciate  the  conditions  present,  and  to  compare 
them  with  the  facial  contour  of  the  uninjured  side.  The  two 
sides  can  best  be  compared  by  standing  behind  the  patient  and 
palpating  both  bones  simultaneously  with  the  thumb  and  index 
finger  of  each  hand  (see  Fig.  473).  The  presence  of  depression 
can  be  determined  by  placing  the  two  index  fingers  over  the  prom- 
inent portion  of  the  cheeks,  and  comparing  the  two  sides;  suffi- 
cient pressure  on  the  injured  side  should  be  made  to  allow  the 
finger  to  sink  in,  in  order  that  we  may  eliminate  the  swelling 
which  is  otherwise  misleading.  The  orbital,  temporal  and  masse- 
teric borders  may  be  palpated  and  the  position  of  the  bone  thus 
determined  and  compared.  The  conjunctiva  should  be  examined 
for  the  purpose  of  detecting  ecchymosis  or  emphysema ;  the  former 
is  by  no  means  pathognomonic,  but  the  latter  is  the  result  of  air 
having  passed  from  the  nasal  cavity  into  the  conjunctiva,  which 
is  impossible  if  the  bones  of  the  face  are  intact. 

Treatment. — The  first  indication  in  the  treatment  of  these  cases 
is  to  counteract  the  local  effects  of  trauma  and  to  relieve  pain 
when  severe.  The  inflammatory  reaction  can  be  maintained  at 
the  minimum  by  the  use  of  the  ice-bag  for  tlie  first  twelve  to 
twenty-four  hours.  In  most  cases,  an  attempt  to  correct  the  de- 
formity is  purely  for  cosmetic  reasons,  and  in  considering  this 
element  we  must  take  into  consideration  tlie  surroundings  of  the 
case. 

For  example:  deformity  resulting  from  depression  of  the  malar 
may  be  deemed  an  extremely  important  matter  in  the  case  of 
the  young  society  woman,  while,  on  the  other  hand,  the  average 
laborer  would  not  consider  for  a  moment  the  trouble,  time  and 
expense  necessary  for  the  correction  of  the  disfiguration  which  in 
no  way  interferes  with  his  earning  capacity.  When  no  attempt 
is  made  at  correcting  the  displacement  the  case  resolves  itself 
firstly,  into  the  control  of  local  reaction ;  secondly,  allowing  nature 
to  unite  the  impacted  fragments;  and  thirdly,  the  treatment  of 
accompanying  wounds  when  present.  If  the  fracture  is  compound 
as  a  result  of  direct  violence  the  wound  should  be  cleansed  and 
the  edges  approximated  according  to  general  surgical  principles 
as  applied  to  the  treatment  of  wounds  and  compound  fractures. 
When  complications  exist,  such  as  interference  with  the  action  of 
the  jaw,  or  extreme  and  prolonged  pain  in  the  region  of  the 
superior  dental  nerves,  operation  is  indicated. 
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Operative   Treatment.— Operation   may   become   necessary   for 
cosmetic  reasons  or  for  the  alleviation  of  complications  such  as 
the  interference  with  the  action  of  the  jaw;  the  type  of  operation 
will  depend  to  some  extent  on  the  reasons  for  which  it  is  under- 
taken.    When  ])erformed  for  cosmetic  reasons  only,  open  incision 
should  i)t»  avoided,  because  of  the  resultant  scar.     In  these  cases, 
the  bone  may  be  approached  from  the  mouth  through  an  incision 
parallel  with  the  alveolar  process  and  opposite  the  malar  process 
of  the  superior  maxilla,  the  thick  part  of  which  may  be  felt  oppo- 
site the  first  molar.     This  ineision  is  carried  up  under  the  cheek 
until  the  malar  is  exposed,  after  which  it  is  pried  back  into  posi- 
tion and  the  ineision  closed.     Another  method  is  that  of  makinpr 
a  small  incision  throu^rh  the  skin,  drillin*?  a  hole  in  the  face  of 
the  malar  and  inserting  a  screw,  by  which  means  the  bone  may 
be  raised  and  replaced.     Any  modification  of  an  intraoral  opera- 
tion should  be  conducted  with  due  consideration  for  asepsis  and 
followed  by  freipient  douehings.     Deformity  has  been  successfully 
corrected   l)y   the  subcutaneous  injection  of  paraffin,  though   the 
method  is  somewhat  (piestionable.     The  difficulty  with  operative 
treatment  is  not  so  nuich  a  question  of  replacing  the  bone  as  it 
is  of  maintaininir  it  in  its  original  position,  and  the  reason  for 
this  difficulty  is  explained  by  the  loss  of  bony  tissue  which  takes 
place  in  impaction.     In  other  words  it  is  not  difficult  to  reduce 
the  deformity,  but  we  do  not  have  the  supporting  process  intact 
to  maintain   reduction  after  the   impaction  has  been   broken  up. 
In  Lothrop's  operation  th«»  bone  is  ai)proached  through  the  mouth 
as  previously  descriiied,  the  depression  corrected  and  the  antrum 
packed  with  piuze  to  maintain  tlie  malar  in  its  elevated  position. 
The  «raii/e  is  left   in  place   for  four  or  five  days.     The  cavity  is 
packed  a  second  time — if  there  is  tendency  toward  a  recurrence 
of  tile  deformity — and  left  for  a  second  period  of  four  or  five  days. 
The    (lan<rer    in    this    operation    consists    of    infection,    which    is 
favored  by  allowing  the  packs  to  remain  during  the  period  indi- 
cated.    Some  of  the  more  recent  work  done  with  bone  transplants 
would  suiTirest    the   use  of  bone  wed^rcs  taken   from  the  tibia   to 
support  the  malar  in  its  raised  position,  the  wound  being  dosed 
without  (liaina*re.     Fiacture  and  d<»pression  of  the  zygomatic  arch 
call    for   reposition   of  tiie   frairments;   this  is  most  satisfactorily 
accomplished    by   means  of  a   direct    incision   exposing  the   bone. 
If  the  incision  is  madi*  parallel  to,  and  a  short  distance  above  the 
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Fig.  C70, — ^lH"ijrfs.»fcl  frailtire  uf  riphl  iiuiljtr  oj  iwu  ji-nro'  Htfiiidlii^.  Not*?  hollow 
UAtlt-r  pntient  K  rischt  inr  lN-f<»rimly  imiflerate.  Compare  tbi»  dt^fonnity  wUh  tU*t 
seen   iti   C4i»«*  ftltown   iu    lr*iig».    477    iifid   47*i. 


Fiff,    -*7H. 

Flg«.  477  miii  47**. — Old  d^'prmsi'd  frarluri'  uf  tNi'  ri;^lit  maiUr  wSlU  |jronounccd  dv 
IcwmUy',  Noti*  \\w  fittlteiied  rhtfk  wbitli  ih  fcn-^t  nijprtHnnted  hi  jirofllp.  Putienl  tfiv** 
hUtory   of  •evcrcf  dir«'et   vloleiut'   with   pinptically   lut   irt^ntmiMil   fuUovritiK  sntiie. 


^ 


342  FRACTURES  AND  DISLOCATIONS 

arch  we  can  frequently  replace  the  bone  and  still  have  the  resultant 
scar  in  a  position  which  will  be  covered  by  the  hair  after  recovery 
is  complete.  Care  should  be  taken  to  accurately  approximate  the 
temporal  fascia  before  closing  the  wound.  Sensory  disturbances 
in  the  course  of  the  dental  nerves  will  usually  clear  up,  but  when 
severe  may  call  for  operative  intervention  to  relieve  the  pressure. 
Pain  in  the  terminal  branches  of  the  infraorbital  nerve  can  some- 
times be  controlled  by  a  hypodermatic  injection  of  alcohol  into  the 
nerve  as  it  emerges  from  the  infraorbital  foramen. 

After-Treatment. — The  after-treatment  in  the  ordinary  case 
consists  of  the  avoidance  of  additional  trauma,  and  allowing 
Nature  to  unite  the  fragments.  No  retentive  apparatus  is  neces- 
sary and  dressings  are  not  called  for  except  in  compound  cases. 
The  mouth  and  nose  should  be  kept  clean  by  the  use  of  antiseptic 
douches  to  avoid  the  possibility  of  infection  by  way  of  the  antrum. 

Prognosis. — Deformity  is  a  common  result  of  fracture  of  the 
malar,  and  even  though  operative  intervention  may  reduce  the 
displacement  it  is  rarely  possible  to  returiD  the  fragments  perfectly 
to  their  original  positions.  Neuralgias  may  follow  the  condition, 
but  usually  subside  within  a  few  months  even  if  allowed  to  go 
untreated.  Interference  with  the  action  of  the  lower  jaw  follow- 
ing depression  of  the  arch  is  a  condition  which  has  been  followed 
by  recovery  of  function  even  in  cases  where  no  treatment  has  been 
employed. 


CHAPTKK  XXVll. 
FRACTURES  OF  THE  SUPERIOR  IMAXILLA. 

Surgical  Anatomy.~Tbe  superior  iriaxilhi  may  be  considered  the 
sliell  which  forms  tlie  wiill  of  the  anlnno  of  IlicrJntioj'e,  and  froni 
this  siiell  we  have  projecting  in  Viirious  diiVftioiiSj  i>roeesses  of 
bone  whieh  art ien bite  with  the  adjoininir  boiies  of  the  faee  and 
eraninm.  The  differ*  nt  re^dons  into  whieh  these  proeesses  projeet 
and  their  several  fn netions  render  the  subject  of  fraetnre  of  this 
bone  diverse. 

TIn*  tifiml  proffss  extenilinji:  ujiward,  inwai'd  and  baekwBrd,  ar- 
lirulates  with  tlie  iiasab  bu*hryimd,  frontal  and  ethmoid  bones,  and 


^ 


Fif.   479, — BiipcHor    nutxitln.      A,,     unsn\     pr»r*^j,»,     M.,     miilur    procoua;     O.*    orbilml 
;  I,J^,,  infrti<»rbiUl   forwrnr^n  ;   A. A,,  4tlviH»tnr   i»rpri»j«*,       ( S#*e  Fipt.   471.) 


enters  into  the  forniation  of  the  nasal  eavity,  the  orbit,  the  anterior 
ethmoidal  eiOls  and  the  bielirymal  eannl.  Fraetnre  ol'  tbis  proeess 
is  asHoeiated  witli  fraetnre  of  tJie  nnsal  Ijones  and  for  surjj:ieal 
purposes  is  to  be  eonaidered  nnder  rrMeturea  of  the  nose. 

The  airfohtr  proftss  is  tlnek  and  arebed  and  is  fioUowed  ont  into 
ROckt^tH  eorrespondin^'  in  nnmber,  drptii  and  widtfi  to  the  sixteen 
upper  teeth,  A  portion  of  tlie  alveolar  areb  is  not  luieommonly 
fraetured  in  Ihe  extnietion  <d*  teetfn  fnrt  l}it*  rnjury  is  not,  as  a 
rnir,  of  serious  import  providetl  tfie  fine  of  frartnrp  is  emdined 
to  this  process. 
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The  malar  j)rocess  is  thick,  composed  of  a  heavy  tissue,  supports 
the  malar  bone  and  sustains  most  of  the  impaction  when  the  malar 
is  driven  into  the  face.  It  is  therefore  best  considered  with  frac- 
tures of  the  malar. 

The  palatal  process  forms  the  greater  part  of  the  roof  of  the 
mouth  and  in  this  position  is  rarely  subject  to  injury.  It  is  some- 
times, however,  fractured  by  falls  on  objects  held  in  the  mouth, 
and  is  not  infro(|uently  the  site  of  suicidal  gunshot  injur}^ 

Fracture  of  the  body  of  the  hone  may  occur  from  blows  on  the 
face  especially  in  instances  in  which  the  malar  is  impacted  into  its 
substance.  Fractures  of  the  body  involve  the  antrum  of  Highmore 
and  are  tlierefore  compound  connecting  with  the  outer  air  through 
the  nasal  cavity.  In  connninuted  fractures,  especially  gunshot  in- 
juries, the  fragments  may  be  driven  into  any  adjoining  cavity 
(orbit,  nasal  cavity,  zygomatic  fossa,  temporal  fossa,  mouth)  or 
they  may  be  displaced  into  the  antrum  itself.  We  may  have  a 
vertical  line  of  fracture  se])a rating  the  bones  of  the  two  sides,  or 
a  horizontal  fracture  disarticulating  the  maxilla  from  the  frontal. 
Another  form  of  horizontal  fracture  situated  at  a  lower  level, 
separates  the  alveolar  and  palatal  processes  from  the  rest  of  the 
bone.  Such  fractures  are  necessarily  the  result  of  severe  direct 
violence,  such  as  a  fall  from  a  height  or  a  kick  from  a  horse.  The 
relation  of  the  antral  cavity  to  the  surface  of  the  bone,  and  the 
manner  in  which  the  palate,  inferior  turbinate,  and  ethmoid  close 
in  the  oi)ening  })t*twcen  the  antrum  and  the  nose  are  of  surgical 
importance  as  regard  drainage  in  cases  of  infection.  The  antrum 
may  })e  entered  by  way  of  the  nose,  through  the  canine  fossa,  or 
by  extraction  of  \ho  first  or  second  molars.  The  circulation  in  the 
region  of  tli(*  face  is  extremely  free,  accounting  for  the  rarity  with 
whicli  necrosis  occurs  in  the  fragments  and  the  manner  in  which 
loosened  teeth  regain  their  solidity.  A  considerable  portion  of 
the  superior  maxilla  is  covi^red  with  mucous  membrane,  which  is 
usually  torn  if  the  fracture  involves  this  region;  we  should  there- 
fore examine  the  nasal  and  oral  cavities  in  making  a  diagnosis. 

Symptoms. — Oefoi-inity  is  very  variable  and  may  be  entirely 
masked  by  the  swellini:  which  is  likely  to  he  pronounced  and  fol- 
lows the  injury  raj>idly.  The  most  common  disi)lacement  consists 
in  depression  of  the  fi-auinents,  the  face  being  ** driven  in''  to  a 
<areater  or  less  extent,  in  Ww  I'egion  of  the  injury.  Hemorrhage 
from  the  nose  or  mouth  is  prone  to  occur,  and  emphysema  is  some- 
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timf^s  seen  as  a  result  of  air  liavin^^  been  foreed  into  the  tissiues 
from  either  the  oral  or  nasal  cavities.  Depression  in  the  region  of 
the  antrum  is  most  common,  i^fobility  and  crepitus  are  variable 
nod  their  absem^e  should  not  lead  ns  to  exehuie  fracture.  Loss  of 
alignment  in  the  teeth  and  mobility  of  a  section  of  tlie  alveolar  arch 
are  usually  present  when  the  fraetore  in%'olves  this  process.  Tlie 
symptoms  in  general  will  vary  f;reatly  accordin*^  to  the  region  of 
the  bone  involved  and  tlu^  associatect  injury  of  the  soft  part.  We 
sometimes  see  cases  in  which  the  face  is  so  severely  crushed  that 
it  is  no  loiit^er  a  rpiestion  of  which  of  the  facial  hones  is  fractured 
hut, — have  any  escaped  ? 


I 
I 


Vig.  480. — Frarture  of  wupfritir  miixilln.  Putlpht  iiijuriKl  id  uut^itiubtlr  wrn#>k, 
Prartur«i  rMendf*  ihrousjli  nlveolar  proc****,  bodv  of  bone  iiad  ibruugli  Iho  urbJhili 
prc»p«««.  Po«t«Hor  fragment  di^pViiriK)  downward  na  nmy  he  setm  by  tbfl  diftiurbi'd 
di*nttil   tiHetini«*iit. 

Dmgnosis. — The  ap|»rr  jaw  is  examined  in  a  manner  similar  to 
ihe  malar.  The  outline  of  tlic  uiqier  portion  may  be  palpated 
throuirh  the  face  and  its  two  sides  compared.  The  lower  portion 
of  the  bone  and  the  Ireth  may  be  examinetl  tlirouj^h  the  moulh,  and 
the  lateral  w^all  of  the  nasal  cavity  inspected  through  the  uostriL 
Bfobility  ?nay  rarely  l)e  ebeited  hy  makiTirr  pressur(^  on  the  fac<*  in 
various  direction.     Crepitus  is  likewise  an  uncommon  symptom. 

Trcatmcnt.-^Tlic  treat outiI  f>f  fracture  of  the  superior  maxilla, 
like  the  symjttoms,  varies  according:  to  the  region  of  the  fracture. 
Fracture  of  the  nasal  (>rocess  is  treated  similarly  to  fracture  of  the 
tiasid    bone,   and    is   inclmled    under   that  heading,     Fracture   of 
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the  malar  process  is  a  condition  very  similar  to  so-called  fracture 
of  the  malar,  and  is  treated  in  a  like  manner.  Fracture  of  the 
body  of  the  bone  frequently  calls  for  some  method  of  elevating 
the  depressed  fragment,  and  this  may  often  be  accomplished 
through  the  mouth,  thus  avoiding  a  scar  of  the  face.  Fracture  of 
the  superior  maxilla  is  very  commonly  associated  with  severe  lac- 
erated wounds  of  the  face,  and  when  such  is  the  case  we  have  the 
wound  to  deal  with  in  addition  to  the  fracture  itself.  The  vitality 
of  the  tissues  is  high  on  account  of  the  free  circulation,  and  ac- 
cordingly it  will  seldom  be  necessary  to  remove  fragments  of  bone 
or  to  trim  away  torn  tissue  unless  manifestly  devitalized.  Lac- 
erated wounds  of  the  face  should  be  freely  washed  with  normal 
salt  solution  in  order  to  remove  infectious  material  which  has  been 
driven  into  the  tissues,  and  wounds  of  the  mucous  membrane  com- 
municating with  the  fracture  through  the  mouth  should  be  fre- 
quently and  freely  irrigated  in  order  to  avoid  subsequent  infection. 
Fracture  of  the  alveolar  arch  is  to  be  treated  according  to  the  re- 
quirements of  each  individual  case.  When  there  is  no  tendency 
toward  displacement  of  the  fragments  the  chief  indication  is  that 
of  cleansing  with  a  mild  alkaline  solution.  If  there  is  displace- 
ment of  teeth  and  disturbed  occlusion  through  loss  of  alignment  it 
may  become  necessary  to  hold  the  fragments  in  position  by  wiring 
the  teeth  or  by  means  of  an  aluminum  dental  splint  as  described 
in  the  treatment  of  ** Fracture  of  the  Lower  Jaw''  (page  357). 
Separation  of  the  two  superior  maxilla;  may  also  be  immobilized 
in  the  same  manner.  Openings  through  the  palatal  process  should, 
except  in  cases  of  simple  fissure,  be  protected  from  the  mouth  dur- 
ing the  process  of  healing  by  a  hard  rubber  plate.  In  gunshot 
injuries,  the  area  of  fracture  may  be  protected  from  contamina- 
tion by  food,  and  the  nasal  and  oral  cavities  separated  in  this 
manner. 

Operative  Treatment. — Operative  treatment  is  indicated  in 
severe  compound  cases.  It  will  be  impossible,  however,  to  lay  down 
any  hard  and  fast  lines  of  procedure,  since  the  needs  of  each  and 
every  individual  ease  will  vary,  and  the  surgeon  will  find  it  neces- 
sary to  meet  the  demands  of  the  case  in  hand. 

After-Treatment.— The  chief  indication  of  after-treatment  will 
be  to  ke(*p  the  parts  clean,  prevent  infection  and  allow  nature  to 
unite  tlie  frajriueiits.  In  the  j)resence  of  infection  we  should  see  to 
it  that  the  antrum  is  freely  drained:  this  may  be  accomplished  by 
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the  extraction  of  the  first  or  second  molar  or  by  perforating  the 
anterior  wall  of  the  antrum  above  the  roots  of  these  teeth.  The 
antrum  may  also  be  entered  and  drained  through  the  inferior  or 
middle  meatus;  when  the  opening  is  made  through  the  inferior 
meatus  it  may  be  necessary  to  previously  remove  the  inferior 
turbinate.  During  the  early  part  of  tlie  after-treatment  the  nose 
should  be  irrigated  three  to  four  times  daily  and  the  oral  cavity 
should  receive  equally  careful  attention. 

Prognosis. — Union  usually  takes  place  in  from  six  weeks  to  two 
months.  Prognosis  as  to  life  is  good  except  in  severe  crushing 
injuries  of  the  face  in  which  shock  is  great,  and  associated  injuries 
of  the  skull  and  brain  probable.  The  prognosis  as  to  deformity 
is  frequently  not  good  in  fracture  of  the  body  of  the  bone.  Frac- 
ture of  the  nasal  process  can  usually  be  treated  without  subsequent 
deformity.  Fracture  of  the  malar  process  is  not  so  favorable  in 
this  respect. 

The  presence  of  infection  renders  the  prognosis  worse  but  if 
proper  treatment  be  established  without  delay  and  efficient  drain- 
age and  lavage  maintained  the  outcome  should  in  most  cases  be 
good.  In  fracture  of  the  alveolar  process  small  sloughs  of  bone 
may  recpiire  removal  but  this  does  not  signify  that  the  ultimate 
outcome  will  not  be  good. 


rilAPTKR  XXVIIL 
MiACTl  RES  OF  THE  LOWER  JAW. 

FrMftiirt*  of  \hv  lowor  jnw  is  a  fomnmn  iiijiiiy,  constituting  Dearly 
four  jieivt-nt  of  all  fractiirr.s,  aiul,  siiu'e  tho  bad  results  so  ofUai 
seen  «!v  fliif  to  meeliiinieal  and  anatomical  causes,  it  is  evident  that 
an  iritijnate  nndcrstniulin*,^  of  the  anatottiy  of  thv  parts  is  essential 
to  tin-  tsueiTHst*nl  trcatrn*  ul  of  this  fnietun*. 

Surgical  Anatomy.^Tlie  inferior  maxilla  or  mandible  is  the 
lari.^est  and  stron*rest  hone  of  tlie  face  and,  with  the  exception  of 
tile  Jiasal  hones,  is  aiost  frequently  frar-tured.  It  is  compose^l 
of  tla*  body,  raanis.  and  two  prort^sses;  the  roronoid  and  condylar 


Fig.   4B1. 


FiiEs,  4t«l    imd    482, — Two   Titw*   of   the   mftndible.     C<»n^ 
Corcinoid  proc***;  A,,  Angle  of  j«w;  S.,  Sympbjslji. 


>td   iiroeem;   Cor., 


Its  position  is  wiy  luuvh  exposed  to  violence.  buL  on  the  other 
iiand,  there  are  innnerous  eh  nients  whieh  render  the  bone  eapahle 
of  withstand! nm'  eonsiderahle  trauma  without  fracture.  Its  wei*jht 
is  eonsiderabh-  and  the  strncture  heavy,  its  mobility  great,  and  the 
hnlYerdike  action  of  the  interartieular  iibro-cartilage  of  the  tetn- 
poro-maxillary  articulation  serves  to  maintain  the  integrity  of  the 
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bone  in  the  presence  of  a  blow.     In  addition  the  horseshoe  shape 
of  the  body  imparts  a  certain  spring  to  the  bone  which  is  pro- 
tective.    The  manner  in  which  the  fragments  of  the  body  are  dis- 
placed will  depend  on  the  muscles  attached  to  the  bone.     To  the 
external  surface  in  the  region  of  the  chin,  we  have  the  levator 
menti,  while  along  the  external  oblique  line  are  seen  the  attach- 
ments of  the  depressor  labii  inferioris,  dc])ressor  anguli  oris  and 
platysma  myoides.     These  muscles  with  the  exception  of  the  last 
named  extend  upward  toward  the  chin,  are  small,  and  of  minor 
importance  in  displacements.     The  buccinator  is  attached  to  the 
alveolar  margin  opposite  the  three  molars.     The  masseter,  a  pow- 
erful muscle,  occupies  the  external  surface  of  the  ramus,  and  pulls 
in  an  upward  direction.     The  coronoid  process  is  taken  up  by  the 
insertion  of  the  temporal  muscle,  which  has  a  displacing  action 
similar  to  that  of  the  masseter.     The  internal  surface  of  the  body 
has  the  mylo-hyoideus  arising  from  the  mylo-hyoid  ridge,  and  the 
genial  tubercles  have  attached  to  them  the  genio-hyoglossus  and 
the  genio-hyoideus.     One  of  these  muscles  enters  directly  into  the 
formation  of  the  tongue,  while  the  remaining  tw^o  are  attached  to 
the  hyoid  bone  and  when  their  anterior  bony  attachments  are  dis- 
placed backward,  as  is  sometimes  the  case  in  bilateral  fractures, 
we  have  backward  falling  of  the  tongue.     This  condition,  espe- 
cially daring  unconsciousness,  may  cause  asphyxia  if  the  tongue 
is  not  pulled  away  from  the  epiglottis  by  direct  forward  traction 
on  the  tongue  itself,  or  by  drawing  the  displaced  fragment  for- 
ward.    To  the  posterior  surface  of  the  symphysis  })elow  the  genial 
tubercles  we  have  the  diagastric  muscles  attached  on  either  side. 
The  pull   of  this   pair   of   muscles   is   downward,   backward   and 
slightly  outward.     The  superior  constrictor  of  the  pharynx  has  an 
attachment  internal  to  and  behind  the  last  molar.     The  internal 
pterygoid   is  attached   to  the  de(»p  surface  of  the   rannis  in   the 
region  of  the  angle,  while  the  external  pterygoid  is  attached  to 
the  internal  surface  of  the  condylar  process.     These  nuiscles  have 
a  lateral  displacing  action  in  fractures  of  the  lower  jaw;  the  com- 
mon inward  displacement  of  the  posterior  fratrment  is  largely  due 
to  the  unopposed  action  of  tlie  internal  pterygoid.     The  temporal 
and  masseter  produce  the  usual  upward  displacenient  of  the  pos- 
terior fragment.     As  a  result,  therefore,  of  the  combined  action  of 
these  muscles  the  i)osterior  fragment,   in   fractures  of  the  body, 
will  usually  be  displaced  upward  and  inward    (see  Figs.  485  to 
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48J)).  A(*C'or(linf?ly  in  the  oorreetion  of  the  deformity  and  during 
the  subseriiieiit  immobilization  of  the  fragments  it  is  the  displacing 
action  of  these  muscles  with  which  we  have  to  contend. 

In  fracture  of  the  body  of  the  bone  wide  displacement  of  the 
fragments  is  usually  prevented  by  the  line  of  fracture  passing 
through  the  attachment  of  some  of  the  muscles,  especially  the  mylo- 
hyoideus  whifh  is,  as  a  rule,  attached  to  both  sides  of  the  line  of 
fracture.  The  masseter  and  internal  ]iterygoid  tend  in  like  man- 
ner to  limit  the  separation  of  fragments  when  the  ramus  is  frac- 
tured. 

On  the  internal  surface  of  the  ramus  we  hav«»  the  inferior  dental 
foramen  for  the  passage  of  the  inferior  dental  nerves  and  vessels 
which  pass  through  the  substance  of  the  bone  supplying  the  teeth 
of  the  lower  jaw.  Injuries  to  these  structures  sometimes  occur, 
though  not  as  commonly  as  might  be  inferred.  The  long  root  of 
the  canine  and  thr»  mental  foramen  are  both  considered  elements 
of  weakness  in  the  structure  of  the  inferior  maxilla;  it  is  in  this 
region  that  fracture  most  frecpiently  occurs.  The  mucous  mem- 
brane is  torn  in  most  eases  of  fracture  of  the  body  and  accordingly 
the  break  is  usually  compound. 

It  should  be  remembered  that  the  facial  artery  passes  onto  the 
external  surface  of  the  body  of  the  bone  just  anterior  to  the  antero- 
inferior angle  of  the  masset«»r  muscle.  From  a  point  behind  the 
posterior  border  of  the  ramus  of  the  jaw  we  have  the  beginning 
of  the  pes  ansorinis,  comprising  the  motor  fibres  running  to  the 
various  mus(*lcs  of  th(»  face.  Stenson's  duct  runs  directly  forward 
from  the  parotid  \:\t\\u\  and  empties  opposite  the  second  upper 
molar.  The  ])ositi()ns  of  \\\o  artery,  nerve  and  duct  are  of  impor- 
tance wIumi  tiie  fracture  is  accompanied  by  wounds  of  the  face. 
In  fractures  of  the  condylar  process  th<»  upper  fragment  may  be 
disj)lacfd  forward  and  inward  by  the  action  of  th(i  external 
pterygoid  pnllintr  in  tiic  dircM'tion  of  the  external  pterygoid  fossa. 
Fracture  of  tiie  coronoid  is  extremely  rare,  occurring  only  in  con- 
junction with  fracture  of  other  bones  in  this  region,  such  as  the 
zygomatic  arcii.  It  is  said  liowever  to  have  been  broken  as  a  result 
of  muscular  action. 

Etiology. — Direct  viol(*nce  is  responsible  for  most  fractures  of 
the  inferior  maxilla.  Fractures  due  to  indirect  violence  are  seen 
in  instances  in  wliicli  tlie  symphysis  has  been  fractured  by  lateral 
comi)ression,   the  condyle  broken   otl"  by  a  blow-   on  the  chin  and 
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in    avulsion    of   the    L-oroiioid    tuliur*'k%    na   a    result    of    museular 
aetioD. 

S3rmptoms. — Tlie  symptoiras  of  frarfiire  of  tlie  inferior  maxilla 
will  tjepeiul  upon  tfie  fnllowiri^  t'oinlitiotis:  tlip  rotrion  of  tlip  break, 


Wi$t  488, — Fraclwrf  of  imvndiUlr  nt   KyiH|ili>KiK.     Mobility  apparent   on   palp^itton   or 
in    pBtimi     arirmpt**.     t«>    J^pl•;llk,       \rro«      irnl  ir;>1*>     hih'    of     fniilur*'.      Rijclit     ccnlrnl 
Iticiwr  looM. 


Fif.  494, — X-TAy  plate   of    ftamo   tfa&e   showing   Hue  of   fraotl&rcu 

the  degree  of  the  eausativi'  trauma,  and  Ihe  displacing  action  of 
the  muscles  attached  to  the  fragments.  There  will  be  swelling, 
tenderness,  pain,  deformity,  abnormal  mobility,  loss  of  function 
and  crepitus.  Swellirifi:  is  ijsunlly  pronounced  and  follows  the  in- 
jury rapidly.     Tenderness  and  pain  are  present  in  the  region  of 
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Fig,  4  85. — Fr*ciure  of  the  lower  jaw  just  ^nteriar  to  ihe  right  eAnine.  Note  the 
upwiird  displttcemem  of  the  posterior  fraftnent.  TTie  dark  Rbndow  between  Ihn  lower 
teeth  &n^  lip  ia  blood  which  i&  coaiiiiK:  from  the  frartiired  surfacea  And  torn  mueoui 
membrftueii,  Pliotogrnph  tnken  iihorlly  foUowiiig  ftccideut.  Arrow  indicBles  line  of 
rrnctiire. 


Fig.   486.— Frnrture  of  UtWfr  Jaw   iii  tti**  poial   iodh.iited  by  Ihe  arrow.     Hole  loss  Of 
&Ugnmeia  uf  the  lower  lectli. 


Vig,  •iJ^T.^Frin'ttirr  uf  llir  lij^\tr  jii^\  ^ibuut  Iwt'iily  four  Imiiri^  fi>]li»wi[ig  iiijurj . 
Line  iif  friiriijr**  pii«<M;h  )i«-tw«'4<ii  (hi*  Ijilcntl  iiHii«or  wml  cnnine  tm  the  left,  sirte,  NoU' 
httw  the  p«wt<*rior  frngiiir*nt  h  ininM.  In  this  in(»tj»nri?  ihp  frncture  in  n  little  oblitjue 
•o  that  the  fmcturiHl  iMirfaces  Imvii  etm^uLMHl  in  bihU  »  matmi^r  ihni  the  posterior  ffag- 
mttOt  U  pr«f«nt(»d  frmn  the  uatiAl   iiiwurd  df»])litr«meat. 


The  anterior  bortler  uf  tin*  niimm,  however,  may  bf  palpated  from 
within  the  mouth  with  littli^  ilitTiciihy  even  in  easr-s  wht're  swelling 
of  the  face  is  iirouonncrul  I'noujih  to  previ'nt  n|N^niriir  ihr*  nioHth. 
Ill  fiUt'h  eases  the  finger  is  passed  betwiu-ii  thr  i'hwk  and  the  terth, 
and  carried  back  far  enoiivrb  to  determine  tlu*  outline  of  the  an- 
tt^rior  margin  of  Hie  ramus.  In  addition  1o  direet  palpation  we 
may  detect  abnormal  mobility  liv  piaL-iour  the  fingers  of  one  hand 
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Oil  the  laftius  of  the  jaw  extt^nuilly,  \\\u[v  \hp  n(>[»osit»:*  IiJind  nioves 
the  ehiii.  Fracture  in  ihe  region  of  tlie  symphysis  is  rendily  dt*- 
teeted  by  inspeetioii  and  palipation.  Tlie  funetioiis  of  ma-stieatiori 
and  artieulalion  arc*  interfi^red  uitli  from  the  first  anrl  on  aeeotmt 
of  the  subsequent  infiannnatory  n^aetion  beeotne  progressively  more 
proiioiineeii  in  the  earlier  stai;es  of  the  eoiiditioii.  Crepitus  can, 
ill  moat  cases,  he  elicited,  l>nt  is  usually  not  necessary  in  diajrnosti^ 


Fi|C,  4B8. — Frjiiiiirp  <»f  Iowit  jnw  inimwliRti»l3r  foHowinjf  injury.  Line  of  fracture 
ptiiweti  between  the  sei'ond  bicuitpid  nntl  the  fir*»t  molftr  on  Ihe  rijrht'«idi?.  Nolo  how  Ihf 
p{>Kterinr  frtiin^r'nl.  i»  diMplutfd  inward  And  remains  niiHi^d  when  the  mouth  is  opf>n(^  aa 
a  rpAult  of  the  uno|)|>osed  actioti^  of  thi»  rijfht  temixjral  an<J  mnnseter  mnscleH.  Thin 
ie  the  uhna]  deformitv  and  should  be  pnrticiibrly  guarded  nirnin^t  In  tho  treatmenl. 
If  the  deformity  \n  iillowed  to  pro  unrorrreted  thern  w^ill  revolt  fauily  dental  iillpcnmpnt, 
mtiksecluBion  and  ttie  rhin  will  be  displaced  towjird  (he  injured  side.  The  further 
bnclt   the   line*  of   frfuturo   the   greater   tho   lev«^rflfe   of   the   di«placin&:   iuusol<?«t. 


eating  tlic  condition.  We  should  only  uttempt  to  produce  crepitus 
after  other  means  of  ascertaining  the  presence  of  fracture  have 
failed;  the  less  the  fragments  are  manipulated  tlie  better  it  is  for 
the  patient.  The  usual  ease  presents  a  eharacteristie  picture:  the 
patient  suffering  considerable  local  pain  presents  himself  for  treat- 
ment because  of  severe  injury  sustained  in  the  region  of  the  jaw, 
one  side  of  the  face  shows  swelling,  and  may  or  rnay  not  be  accom- 
panied by  a  wound.     The  lips  and  teeth  are  slightly  separated,  the 
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JF\g,  4S9, — Fmcture  of  tlie  riRht  M«le  of  uiandililii"  ubom  ->  .  .  .  Ii.k  nft^r  injur>- 
»ntl  nfliT  utiioii  had  taken  place,  fc^irsl  »tH?n  by  mithur  iit  tills  inuv.  In  this  ca««  the 
ittward  diRpla'^onnTit  of  lh«  pottertor  fra;;Tui*nt  laits^d  l»y  tho  internal  pl^rygoid  musete 
tuii  be*ii  alJowed  to  go  uncurroctt^d  atid  mnlui'duNiori  and  displnt'etnciit  wf  the  ehin 
t«wjird  th«  injured  side  hae  reHull«rl.  Tlie  dispU cement  af  the  ihin  is  bwit  oppr^ 
cjalt^d   when    the   laws   ftre  closed. 


400, — Frnrturf    of    ihn    maiidil>1i<    llH'<1iind    ihi«    lu>it    unfUir    on    the    lell.    hliIu.      Poa- 
_  ni»ni   diMpbo'cl    mj-wjird    au    thnt    thf    fijirtured    snrfnrti    miij     Jn*    *n'i'n.      Photo 
obchod.      Antprtor  HiirfAr*-  of    niUinl  jui*i|i»rior  frujfin»Mit   nuiMn^tLl   tu  tlin?et    Hllen- 
Ut  \im  i»Oirliimi.      ll<»<Iui'llion  uci'orn|)ltHhi<^d  thr«ni|ch  incbion  ai  ihi'  iiin^li<  iff  ihe  jaw  und 
wiriof  nt   ihn  frAn^nonlA,      (tmr  ist'»»to   *\iU   J)r.    H,    H.   Mrtiriiw. 
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jjntirnt  is  iniablo  to  talk  with  any  dei^ree  of  distinctness,  sali%'a 
ilrools  from  tlip  mouth,  and  an  inspix'ting  the  teeth  we  find  the 
t*linni«*lrriHtie  npwHi'il  nud  inward  disfilacement  of  the  posterior 
frn^^nent  with  lass  of  dental  alijinment.  Manipulation  of  the 
parts  inen'*mes  the  i?;nfTerjn<r      If  tlie  case  has  been  allowed  to  ^o 


Fig,    491.^Brinf|;en(>grfliii   of   i-:iae   »iaiiliir   Ui   Ihi-  am*   kIiowh    in    Fig.   4Ui>.      Not«   ihtf 
looMmMl  and  dtstjlncej   ]tiHt  wo\nr, 


untreated  for  a  few  days  wp  have  added  to  the  abovo  symptoms 
thtJHe  of  piitrefaetive  changes  witliiii  the  oral  eavity;  tliere  is  a 
fonl.  ebaracteristieally  offensive  odor,  and  pus  may  be  mingled 
with  the  saliva. 

Diagnosis. — Tht^  presence  of  fradure  eaii  almo.st  always  be  deter- 
mined by  palpation  and  inspection.  The  diagnosis  is  based  on  the 
[tresence  of  the  syirqitoms  just  enuiinTJitexl.  The  condition  is  usu- 
ally so  easy  to  reeo<rniz<^  that  it  is  eonuuon  for  the  [>atient  to  make 
the  diatrnosis  bet'oj'e  he  is  se«*u  by  tbc  surtreon.  Fraeture  of  a 
jiorrion  of  tlie  alveolar  arch  aeeanipanyiiijL:  tbo  extraction  of  teeth 
sometimes  goes  uiireeognized.  Probiii"/  the  socket  will  usually  de- 
termine the  condition  if  fragments  are  present.     Fracture  of  the 
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ramus  or  condyle  in  some  cases  calls  for  the  use  of  the  X-ray,  to 
clear  up  the  diagnosis. 

Treatment. — Fracture  of  the  inferior  maxilla  is  a  condition 
which  has  been  treated  from  time  immemorial  with  poor  or  in- 
diflPerent  success ;  it  is,  however,  only  within  recent  years  that  more 
accurate  and  satisfactory  results  have  been  attained,  due  to  the 
introduction  of  improved  methods,  such  as  the  intraoral  splint  in 
its  various  modifications,  wiring  the  jaws  together,  and  direct  op- 
erative procedures.  Reduction  of  the  displacement  is  usually  easy 
but  the  difficulty  arises  when  we  come  to  immobilizing  the  frag- 
ments. The  different  methods  employed  all  attempt  the  attain- 
ment of  two  ends:  firstly,  the  reduction  and  permanent  cor- 
rection of  the  deformity,  and  secondly,  the  prevention  of  infection. 
The  various  principles  followed  and  appliances  devised  to  accom- 
plish these  results  are  too  numerous  to  mention;  we  will  consider 
under  the  following  headings  only  those  which  have  been  found 
most  satisfactory. 

1.  Simple  binding  of  the  lower   jaw   against   the   upper   by 

means  of  the  fourtailed  bandage. 

2.  Some  form  of  interdental  splint  and  the  fourtailed  band- 

age.    (Gunning.) 

3.  Dental  splint  with  arms  attached  for  counter-pressure  be- 

neath the  jaw.     (Kingsley,  Ackland,  Matas.) 

4.  Dental  splint  cemented  to  the  teeth.     (Heath.) 

5.  Wiring  the  lower   to  the   upper  teeth.     Oliver's  method, 

Simple  wiring.  Angle  bands  ^vith  wire. 

6.  Securing  the  fragments  by  means  of  wiring  the  teeth  of  the 

lower  jaw. 
Wiring  of  teeth   adjacent  to    fracture.     ITannnond's   wir6 
splint,  Angle  bands  with  connecting  bar. 

7.  Operative    treatment.     Direct    wiring    or    plating    of    tlie 

fragments.     Bone  transplantation. 

All  of  these  methods  havf  their  points  of  advantage  and  their 
drawbacks,  but  from  among  tliem  W(*  are  enabled  to  srlcct  the  on(» 
best  suited  to  the  eas<'  in  hand. 

1.  Simple  hiii(lin<f  of  tin  Jowrr  jaw  to  ihr  up}nr  is  tlif  oldest 
iiuithod  known  and  in  the  pn»s(4i(M*  of  modern  facilities  is  only 
mentioned  to  be  eondemniMl.  As  an  emergency  method,  however, 
it  has  its  uses  and  will  tend  to  keep  the  fragments  at  rest  and  more 
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or  less  opposed  until  some  more  aeeurate  iiieans  (*an  be  employed* 
Its  disadvantage  eoiisists  in  its  persistent  lenduiiey  to  loosiiii,  which 
nmy^  to  some  extent,  he  correeted  by  strips  of  adhesive  plaster 
placed  over  the  eloth  after  the  bandage  has  been  applied.  The 
dressing  may  be  tiglitened  in  this  jriaimer  ns  often  as  it  becomes 
loose  during'  the  after-treatment.  A  fourtaih^d  bandaj^'e  may  he 
made  entirely  of  ndbesive  as  follows:  a  three-ineh  strip  of  adhesive 
lon^  enough  to  <'nrirele  tfie  head  (from  the  ehin  to  tlie  lambda ) 
one  and  one-half  times,  is  split  on  either  end  leaving  a  solid  pieee 
of  about  two  inebes  in  tlie  nnddle.  This  middle  pieee  is  applied 
to  the  ehin,  the  head  having  been  previously  eovered  by  a  layer 
of  ^aoze.     The  two  lower  tails  are  earried   upward  and  slightly 


Fig.  492 


Fisf.  4B2. — Four-tAilerl  bandaKo  made  with  ftdhefiive  platter.  IlL^ad  haA  beett  cor^ 
pr<»d  witli  siMiv  lo  prevent  adhesive  coming:  in  eonta'l  with  hair. 

Fii;.  495. — SnTn«'  witk  RiiyerfliKiuEi  lEFaux^  'rut  away.  DreAsini;  vompleCed.  Mor«> 
ronvt-nknt    atid     neat    tKiin     l^itht^r     the    ordinarj^     four-t:iiled     bandajfe     or     the    plaster 


baekwardj  and  nttat'hed  to  tlie  gauze  with  suffiei»^nt  traetion  to 
seeui'e  the  lower  jaw  again.st  the  u[j[>er  The  upper  jvair  of  hdls 
is  then  earried  baekward  to  meet  and  overlap  in  the  oecipital 
region.  (Figs,  492  and  49*1.)  Aftvr  this  has  Iwen  done  the  super- 
fluous gauze  is  trimmed  away  and  we  have  a  <lressing  nnieh 
more  secure  than  the  ordinary  fourtailed  bandage.  During  the 
after-treatnient  the  dressiui:  may  be  tightened  by  additional  strips 
of  adhesive  without  disturbing  tht^  parts.  In  seeuring  the  lower 
jaw  to  the  upper  in  this  manner,  extreme  care  must  be  taken  to 
keep  the  mouth  elean  during  the  after'-treatment.  The  approxi- 
mation of  the  lower  teeth  to  the  upper  insures  perfeet  oeclusioii, 
but  the  employment  of  external  pressure  alone  is  too  niseenre  to 
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be  rdied  upon  nm!  rniist  l>i^  aeeoiii[KiiiiLHl  by  some  adilitional 
HH'tluHl  of  hiti-rual   Hxation. 

2.  IntcrtUnttil  aplittf  iriU*   (fitirtalhd  hdudat^r. 

Various  inati'rials  haw  In^en  used  for  in1*M"ilriitnl  splints  liiit  none 
have  InNvn  t'ounil  as  siTviceahl*^  ainl  satisfactory  as  vuJpnni/o<j  rub- 
ber. Tlii*  ]iro(liietioij  of  tin-  liani  rubber  iuterdenlal  splint  (Gun- 
nintr)  requires  a  tH-rtnin  amount  of  laboratory  teebnitjUP,  familiar, 
as  a  rule,  onl^'  to  tlu*  ik*ntist;  when  sueh  serviees  can  ]ie  obtained 
by  the  surgeon  the  treat ment  is  rendered  nnieh  easier.  In  makiui^ 
a  vuleanite  int(  rdental  spJint   i(   is  necessary  lirst  to  take  impres- 


Fijt,    4K4. —  ln(««rili'lik(]|l     mililit     of     viilijinifi      \vilfi     ajM  niiiji    for     fii'^diliiC    of    UQuidi). 

ftions  of  the  upper  and  lower  denial  areades.  Thesi'  iui|tressions 
may  be  taken  in  wax,  di-rdal  eomposition,  or  pbister.     After  tb** 

I  impressions  have  been  lakrn  a  <*candi'r -imjU'ession  of  eaeh  is  iimde 

[with  plaster  of  Paris,  l*lii  se  eonnter-im[iress!ons  of  tlie  ui»i)er 
hnd  lower  teeth  are  next  pro|)erly  trimmed  and  mounted  res|)ee- 
tively  on  the  upp«n*  arnl  lower  arms  of  a  dental  artieidator.     Then 

|by  nteans  of  a  tine  saw  tlie  bmer  east  is  ent  in  the  re^don  of  the 
fraetiire^  and  tlie  portions  of  the  cast  rrpreseutini^  the  fragments 

^are  bronj^bt  haek  into  aliunnienf.  Tlw  rediietion  is  next  testid 
by  idosini^  tht*  artieidator,   thus  bri rising  tbe   biwer  teeth  against 
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the  upper.  Further  corrections  must  be  made  when  necessary  for 
the  production  of  perfect  occlusion.  When  proper  occlusion  with 
the  upper  teeth  is  produced  we  have  the  exact  position  which 
should  be  occupied  by  the  fragments  of  the  mandible.  The  sawed 
portions  of  the  lower  cast  are  then  fixed  with  plaster  in  the  cor- 
rected position,  after  which  the  articulator  is  opened  until  the 
casts  are  in  the  same  relative  positions  which  the  upper  and  lower 
jaws  should  occupy  during  the  after-treatment.  The  interval  be- 
tween the  upper  and  lower  dentures  is  then  filled  in  with  bees- 
wax and  worked  out  in  detail  of  the  size  and  proportion  desired 
for  the  interdental  splint.  Openings  in  the  splint  for  the  admis- 
sion of  food  must  be  provided  for.  The  two  casts  together  with 
the  intervening  wax  are  next  removed,  being  cut  in  such  a  manner 
that  only  that  portion  of  each  cast  representing  the  teeth  and  gums 
is  included.  The  two  cut-down  casts  with  intervening  wax  form 
are  then  placed  in  a  vulcanizing  flask  (their  relations  being  un- 
disturbed), and  plaster  poured  into  the  flask  until  it  rises  half 
way  up  the  wax  form.  This  is  allowed  to  set  and  dry  after  w^hich 
the  surface  is  shellacked  and  covered  with  powdered  soapstone. 
The  second  half  of  the  mould  is  then  made  by  pouring  in  plaster 
which  is  allowed  to  sot ;  then  the  two  moulds  are  separated  and 
the  wax  melted  out  with  hot  water.  When  the  wax  is  removed 
we  have  a  cavity  in  each  mould  which  when  taken  together  cor- 
respond to  the  built-up  wax  form  which  was  made  on  the  articu- 
lator. These  cavities  are  then  packed  with  dental  rubber,  the 
moulds  put  together  again  and  placed  in  a  vulcanizing  flask,  the 
process  now  being  the  same  as  that  employed  in  making  the  ordi- 
nary dental  plate.  When  vulcanization  is  complete  the  splint  is 
removed  for  finishing  and  polishing,  after  which  it  is  ready  for 
use.  This  form  of  splint  is  particularly  useful  when  other  meth- 
ods would  be  unsatisfactory  because  of  partial  or  complete  loss  of 
teeth.  When  the  patient  wtijrs  a  complctt*  set  of  false  teeth  these 
may,  by  proper  alteration,  be  u.sed  as  a  splint  during  the  after- 
treatment  of  the  fracture,  or  a  splint  may  be  made  by  impression 
from  that  portion  of  the  plate  coming  in  contact  with  the  gums. 
Wedges  of  dental  composition  or  gutta-percha  may  be  used  be- 
tween the  teeth  as  splints.  They  are  nnieh  more  easily  applieil 
but  are  not  as  satisfactory  as  the  vulcanite  splint,  and  do  not 
allow  the  drinking  of  hot  liquids  whih^  in  use. 

:j.  I)i  nidi  splint  wUh  arms  for  (•oiint(r-i)nssur(  beneath  iht  vhiti. 
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— TLe  chief  representativos  imder  this  heading  are  the  appliances 
devised  by  Kingsley,  Ackland  and  Matas. 

Kingsley*a  appliance  is  a  moulded  splint  conforming  with  the 
irregularities  of  the  iufrrior   dental  arcade  and  holds  the   frag- 


1 


t*lg.  495,'^Metal  dental  liplinl  wilh  nrtua  for  coufitt'rprrsaure  by  tneiitis  ol  bundugu* 
pusiof  benefit  ti  tbe  lower  jftw. 


L  Flit.   4ftfi, — Vnlc*(iii;it<*    (Splint    wUh    nriii«»    fnr    crmnti^r  pr(»«Hnro, 

Uicuts  in  reduction  by  means  of  counter-pressure  beneath  the  chin. 
Two  lateral  arms  are  secured  to  the  splint  which  emer«-^e  through 
Ihc  moulli  and  alTord  attachment  laterally  for  bandages  passing 
under  tiiu  jaw.     The  body  of  the  splint  may  be  made  of  various 


4 
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inatt^rials,  and  tlu»  t<vlini(|U(»  of  pn)cluctioii  will  vary  a(vonl- 
iiijrly. 

Acklaiurs  splint  consists  of  a  metal  jifutter  partly  filled  with 
Kutta-peivha  wiiieh  when  softened  takes  the  imprint  of  the  lower 
teeth.  Th«^  intraonil  |>ortion  of  the  apparatus  is  held  in  position 
by  means  of  eljim|>s  which  make  counter-pressure  beneath  the  chin. 

The  Matas  splint  •  set*  Fijr.  4!)7)  consists  of  an  adjustable  clamp 
to  be  applied  to  the  lower  jaw.  The  intraoral  arm  carries  a  block 
tin  form  which  is  trimmed  and  l)ent  to  fit  the  teeth  while  the 
lower  arm  carries  a  perforated,  adjustable,  aluminum  chin  piece 
for  counter-pressure.  The  intraoral  block  tin  form  is  notched  to 
facilitate  hendin*:  and  fitting  to  the  teeth;  this  gutter  may  be  filled 


Kiii.  U>7.  '!'h.«  Miit.i.-s  spliiii.  An  i'X«'i'lU'nt  ujiiiaratus  for  the  treatment  of  cer- 
tain fnictuit'N  III'  lilt-  ln\vi>i-  jaw.  '^li^  splint  is  adjustable  and  iH  8Upplie<l  with  differ- 
ent   si/.i's   tif   (liin    platr>>    ami    driital    splints. 


with  iriitta -pcrcha  or  denial  c(>mj)osition  to  obtain  more  firm  and 
accurate  contact  between  teeth  and  splint.  This  splint  will  give 
vt»ry  satisfactory  I'csults  in  the  usual  fracture  of  the  body  and  may 
be  applied  with  little  difliculty. 

The  three  sj>lints  just  desc^rihed  tojzether  with  the  one  following 
have  the  common  advantage  of  allowing  motion  of  the  lower  jaw 
during  tlu*  after-treatment.  Soft  food  may  be  niastieated  after  the 
lirst  lew  davs  and  the  patient  has  little  dilViculty  in  talking.  The 
s|)lint  posse^sinL^  these  advaiitaiit's  in  the  greatest  degree  is  the 
followinu": 

4.  l)(  htaJ  sitlinf  ntnnitfd  io  fh<    tuih.      (Heath.) 
This  splint  is  made  of  mt  tal  acconling  to  prinei|)les  similar  to 
those  just  described  in  ])roducing  the  vulcanite  splint.     The  dif- 
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IJ'ip.    48^*. — Mt*tr»l    limtril    MiiliiH    for    r*»iiipntlnir    *«>    tlir    loMt-r    It'i^th^ 


KiK.   4ttU. — HntiM      ;  t|,,.  t«'Hh   ill   occlusion       In   pUcing  this   upliiil   in   po»i 

lion    Thc>   crrateai   tar*     ^Uuitul  o*^   txcrciftL'tt   to   i<>(*    ihiil  iMJtU   f^pHni   AUfl    |«4>IH    iiri>   their 

uuxhly    (lr>'.    am   oCit(*rwi«ic!   tj!ii»  cmnent   will    not    hold.     Thi»   mucnna   fturfii«7e«    ar<p    waUihI 
awn}    witli  »hcH  cotlob. 


I 
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ftTriH'e  ill  iimtfrial,  hosvevtT,  will  uecessitnte  aii  altere«1  liihoratorv 
tf^c'hniriiie,  whk'h  is  as  follows:  plaster  easts  of  the  two  dental 
arcades  are  made  and  the  deformity  in  the  lower  one  corrected 
as   desi*ri1)ed    uiulrr   headiiit,'   No.   2,    page   359.     The   east    of   the 


Fig.  fiOO. — Edmund's  fore™  for  clAmping  m(^U]  siilint  to  iho  htmva  of  the  te*ih. 
Slipping  of  Ihe  instrument  unci  injury  to  the  ^ri«  and  •Iveobr  process  is  prevented 
t^  tna  ■et'ftcrew  between  the  jawh  which  engAfea  the  crown  of  the  tooth. 

low^er  denture  is  iMiilt  iiji  so  as  to  do  away  with  all  undereuts,  after 
which  it  is  shellacked^  dusted  with  soapstone  and  denioiinted  from 
the  artieulator.  A  eomiter-impression  is  next  made  from  it  in 
oik'd   saml   and    the  ilie  formed   hv   hlliii':  this  sand   inouUl    with 


Viti;.  iiUL^-i^Ac^l  nluininiiti'i  Hpliiit  cemented  to  the  tMHb  for  lh(*  dxafinn  of  n 
frncture  of  the  lower  jaw  ut  the  f^yniphyBiii.  In  making  thift  pplinlr  (he  fmtient'ft  **bite" 
WHS  Inkt-n  in  wiis;  ftiid  thti  eplint  in»de  from  thi*  »o  that  the  upper  surfiup  t^cdude* 
^iHi  the  uppor  If'eth,  Luck  of  octilusioii  between  this  splint  and  the  upper  JcHh  ts 
inn  oiuforluble    nod    annoying   lo   lh&   patient   during   th©  aftpr  treatment, 

molten  zinc.  After  cooling  the  die  is  removed,  inverted  in  the 
mtjnldini^  flask  and  packed  about  with  sand  so  that  the  tips  of  the 
teeth  alone  are  exposed.  Molten  lead  is  then  poured  into  the  flask 
to  form  the  first  or  shallowest  coiinterdie.    Three  or  four  cotmter- 
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dies  of  graded  depths  should  be  made.  This  is  accomplished  by 
lowering  the  level  of  the  sand  in  the  flask,  thus  exposing  a  greater 
portion  of  the  die  to  the  molten  lead.  The  splint  is  made  by 
swedging  metal  between  the  die  and  counterdie.  The  most  shallow 
counterdie  is  used  first  to  start  the  metal  of  the  splint,  after  which 
the  deeper  counterdies  are  used  in  order  until  by  means  of  the 
deepest  or  complete  counterdie  the  metal  of  the  splint  is  forced 
into  perfect  form.  Aluminum,  silver  or  gold  may  be  used  in 
making  the  splint.  After  swedginj?  is  completed  the  splint  is 
trimmed  so  that  the  edges  will  not  impinp:e  on  the  gums  or  cut 
the  tongue.  The  final  step  consists  in  polishing,  after  which  the 
splint  is  ready  for  use.  The  hollow  side  of  the  spliut  is  then  filled 
with  cement  and  forced  onto  the  tcM\,  care  being  taken  to  pre- 
vent the  cement  from  being  driven  downward  between  the  gums 
and  teeth.  The  fixation  of  the  splint  to  tlie  teeth  is  rendered  more 
secure  by  the  use  of  Edmund's  forceps  (see  Fig.  500)  before  the 
cement  sets.  This  instrument  is  used  to  clamp  the  splint  about 
the  bases  of  the  teeth,  the  set  screw  preventing  the  sharp  jaws 
from  slipping  down  onto  the  gums. 

This  splint  fits  the  crowns  of  the  lower  dental  arcade  and  is 
attached  to  them  by  means  of  oxophosphatic  cement  which  requires 
about  one-half  hour  to  become  firmly  set.  During  this  time  dis- 
placement is  to  be  guarded  against  by  firmly  holding  or  binding 
the  lower  jaw  to  the  upper.  This  metliod  requires  considerable 
laboratory  technique  but  when  the  patient  has  a  good  set  of  teeth 
to  fasten  the  splint  to,  the  method  is  probably  the  most  perfect 
known.  It  is  neat,  efficient  and  allows  easy  cleansing  of  the  mouth 
together  with  free  motion  of  the  jaw  during  the  after-treatment. 
There  are  no  bandages  about  the  head  and  no  clamps  beneath  the 
chin  so  that  the  patient  is  able  to  go  about  in  public  without  being 
an  object  of  curiosity.  If  w^ounds  of  the  face  accompany  the 
fracture  they  may  be  treated  without  disturbing  the  fixation  of 
the  fragments. 

5.  Wirhig  the  lower  jaw  to  the  upper. — This  is  a  method  which 
has  the  disadvantage  of  not  allowing  motion  of  the  mandible  dur- 
ing treatment  and  renders  feeding  and  cleansing  of  the  mouth 
more  difficult.  On  the  other  hand  it  secures  good  occlusion  and 
does  not  require  any  special,  complicated  apparatus  or  laboratory 
technique  for  its  employment.  The  question  of  apparatus  or  the 
assistance  of  a  dentist  is  not  a  hindrance  in  large  cities  but  when 
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the  siirtreoii  is  rnlled  upon  to  tivat  thu  Lonilition  without  these 
aids  he  will  find  tluit  wiring  together  of  the  jaws,  if  proiierl}'  ear- 
ried  out  and  fine  care  exereised  in  tin*  sidjseinu'iit  el ea using  of  the 
inoufh,  will  rneet  the  requiivuients  in  most  eases  aud  is  [jrmliietive 
of  the  very  best  results. 

The  daiipu"  of  vo!uitiii|r  durin*;  the  tiuu*  the  jnws  an*  wireil 
tof?ether  should  he  eoustaiitly  home  in  mhu\,  aud  tin*  juitii'Ut  ruust 
he  provided  with  win^  euttiu<.»  jdiers  so  that  the  jaws  nxay  he 
proutptly  released  nt  Huy  time.  Vov  the  same  n^ason  mi  anes- 
tltetie  roust  not  he  used  in  redueiut*  tlie  frnetnre  if  this  method 
of  imniohiliziu^^  the  fni^'^nients  is  employecL 

The  de*tails  in  tfie  techuiiiuc,  of  wiring  the  lower  to  tire  upper 
jaw,  vary  with  diUVienl  sururous  Imt  the  essentials  are  tlie  same. 


Fist.  'if*2.— OJivor'n  nif'thcxi  *tf  wiring  Ihe  Inwrr  io  ih^  iiiiptT  jmw,  J.,  nhows  thr 
liMip  iiboul  Ihp  upper  r<intrals,  B.  sliuws  the  inanncr  in  wtiirh  Uie  loops  arc  nttiichrd 
to  thi»    inolurs. 

Whatever  metluwl  is  euifdoyed  we  may  expei*t  the  wire  to  streteh 
durhiu:  tfie  after-tteatim*nt  and  the  tor.sioti  streii^^th  of  the  wire  nsi^d 
nnist  he  suflieient  to  stand  tfie  additioual  twisting  without  breaking. 
The  method  deserihinl  by  Oliver  is  jirobably  as  satisfnetory  ns  any 
and  hiis  the  advantage  of  preveutin^^  i^^pmlly  well  lioth  lateral  an<i 
per[>eudicular  motion.  The  method  i.s  as  follows: — **for  puriJose 
of  illustrating  the  method  let  us  sn]Tj>ose  a  ea.se  with  simple  frae- 
ture  slightly  Ira  us  verse  through  socket  (distally}  of  right  first 
bieii.spid  and  mental  foramen,  slight  deformity,  artieular  jdane 
deranged,  long  anterior  fraguo^ut  clnioping  somewhat  and  short 
panterior  fragmejit  drawn  slightly  U[uvnrd  and  inwai*d — ^the  typi- 
cal picture.  The  uioutli  is  tirst  thoroughly  cleansed  with  hot  auti- 
septic  wash  and  swabs,  the  location  and  extent  of  fracture 
deterniined   arid   the   fragiueuts  adjusted   and   articular  plane   re- 


PRACTrRES   (IP    LnWEK    JAW 


367 


stoivij.  Ttit-i)  9  [lii^iT  of  soft  drnwti  cojipor  \\in\  about  four  incht^s 
kni^%  previouBly  annealed  riiul  sfiiu*penr<l  at  vm-h  vm\,  is  iirwcrtrd 
from  without  inward  betwtn^u  tin*  ri^lit  lateral  and  (Mispid,  is 
pulled  through  about  lialf  its  l**ugtb,  burnished  liii^ruHlly  to  enspid 
and  then  inserted  from  vvithiu  outward  liotween  euspid  and  first 
bicuspid,  pulled  throu^jh  bueeally  n*?tuii,  where  it  is  held.  The 
oth*^r  end  is  now  brotJ^ht  back  and  inserted  at  tht*  bttter  irder' 
proxinud  spaee,  juilled  through  taut,  burnishe<l  iinuually  1o  first 
luirl  seeond  bieuspid,  earried  Itaek  across  line  of  fracture,  inserted 
from  within  outward  lietwtrn  HrHt  niolar  and  srt'ond  bieuspitl, 
indled  throujrh  bueeally  a^^aiu,  brought  forward  taut  across  line 
of  fraeture  and  twisted  with  reraaiuinir  ends  at  a  poiid  opposite 
an  interproximal  space.  The  adjustnicut  of  routour  and  artieuhir 
plane  is  now  verified:  after  which  the  ends  ti^litly  twisted,  bring- 
ing firm  traction  thronjjh  axis  of  each  frajjuieiit  across  line  of 
fracture  which  tenij>orarily  will  hold  the  parts  in  tht^ir  exact  posi- 
tion, 'llu'  twisted  ends  arc  clipped  ot!\  leaviicj  a  stub  about  an 
ei^dith  of  an  inch  lon^r:  this  stub  is  turned  uf>wartl  and  inward, 
eiderin^'  tlic  iider|UY>xiiual  space  far  enou^di  to  prevent  it  from 
irjjuring  any  soft  tissues  witli  whi<ii  it  uuiy  conu^  in  eonta<d.  hn- 
moljilizatiou  is  next  accomi)lished  I>y  wiring  lower  to  up|ier  teeth, 
while  occupying  rujrimd  occlusion.  This  is  done  by  the  follnwint: 
original  met  hod.  wbieli  insures  against  the  possibility  of  any  mo- 
bility, either  lateral  or  perpendicular;  first  au  anchor  loop  is  made 
by  taking  a  sixdneb  iiiece  of  annealed  soft  drawn  copper  w^ire,  20 
gauge  (B.  &  S.),  bending  it  in  tlie  miihlle  around  a  snudl  sized 
mandrel  about  one  thirty-second  of  an  ineh  in  diameter,  and  twist- 
ing tight  by  one  full  turn  with  fiat-nosed  pliers  (the  twist  may 
he  strengthened  fry  *' tacking"  together  with  a  small  bit  of  hanl 
solder).  Tfie  two  long  cuds  are  uow^  straightened  out  auil  placed 
parallel  to  otu*  another,  one  end  being  snip]M-d  off  one-fourth  of 
an  ineh  shorter  and  both  ends  [Kjinted,  They  are  now  inserted 
from  without  inward,  betw<*eu  the  two  superior  eerdral  incisors, 
pulled  through  tant  until  loo|>  rents,  horizontally,  firm  against  both 
teeth  at  the  mesoeervieal  border.  Each  end  is  now  carried  lat- 
erally from  median  liiu%  burjushed,  respectively,  to  lingual  sur- 
face of  each  central,  and  inserted  from  within  outward  between 
its  respective  ceidral  and  lateral,  pulled  through  firudy,  lu'ought 
forward   to  median  line,  above  loop,  and  twisted  tightly  together, 
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clipping  off  and  turning  stub  into  interproximal  space  as  before 
noted.  This  forms  a  solid,  permanently  fixed,  median  anchor  loop 
from  which  counter-traction  may  be  had  from  each  lateral  half  of 
the  mandible  for  support  and  prevention  of  lateral  mobility. 
Four  pieces  of  the  same  wire,  about  three  inches  long,  are  in  turn 
bent  around  the  mandrel  as  before  cited,  forming  the  loop  about 
one-third  distant  from  one  end  and  the  long  end  sharpened.  These 
lateral  anchor  loops  are  placed  around  solid  teeth,  one  on  each 
side,  usually  first  molars  or  second  bicuspids,  in  both  upper  and 
lower  jaws,  and  serve  as  anchorages  for  the  traction  wires,  one 
for  each  side.  These  traction  wires  threaded  through  all  the 
loops  commencing  with  the  median,  then  the  superior  lateral,  then 
inferior  lateral  and  finally  twisted  with  outer  end  midway  between 
inferior  lateral  and  median  loop,  exert  a  firm  and  constant  pres- 
sure between  upper  and  lower  jaws  and  at  the  same  time  maintain 
counter-traction  laterally.  The  twist  is  clipped  short  and  may  be 
turned  upward  under  upper  teeth.  The  lateral  loops  are  posi- 
tioned by  inserting  long  ends  into  mesoproximal  spaces  of  the 
respective  teeth  selected,  pulled  through  taut  until  loop  rests  hori- 
zontally against  cervicoproximal  border,  then  carried  backward, 
burnished  to  lingual  surface,  inserted  from  within  outward  at 
distoproximal  space,  pulled  through  firmly  and  twisted  to  outer 
end  as  near  the  latter  proximal  space  as  possible  in  order  that  the 
increased  size  of  twist,  being  too  large  to  pull  back  throucfh  space, 
will  prevent  the  anchorage  loop  turning  under  stress  of  subsequent 
traction  and  also  that  the  twist  may  be  dipped  off  and  turned 
into  the  space  as  above  shown.  The  traction  wires  are  about  seven 
inches  long,  of  same  material,  and  should  be  annealed  before  being 
used.  Care  should  be  exercised  to  keep  each  one  perfectly  straight 
between  loops  and  pulled  taut  in  passing  through  each  loop. 
When  properly  placed  there  will  be  a  triangular  geometrical  figure 
with  its  first  ** stretch*'  a  long  horizontal  line  from  median  to 
superior  lateral  loop,  a  short  perpendicular  line  from  the  supe- 
rior to  the  inferior  lateral  loop  and  a  long  slanting  diagonal  line 
from  inferior  lateral  to  modian  loop,  in  which  the  twist  has  been 
made.  With  these  heavy  traction  wires  firmly  fastened  from  each 
side  of  the  jaw  with  teeth  in  normal  contact,  there  is  little  likeli- 
hood of  any  kind  of  motion  between  either  the  fragments  or  the 
jaws.  Should  a  wire  break  or  become  ineffective  from  being 
stretched,  a  very  firm  occipito-mental  bandage  is  applied  and  both 
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wires  cut   nml   roniovi^cl.     The  unchoraf^e  loops   are   now 

i  and  new  traction  wires  applied  as  before/'^ 

The   technique  of  simple   wiring  of  the  jaws  tofrether   is   less 

eomplieated  than   Oliver *s   nietbofl,   hut   ladss   some   of  its  advan- 

tt'^LM^s,     It    is   Mee(Hni>li.she<l    hy    |>fissiii*r    loops   jjlvout    the    teeth    as 


I 


Fig.   50a.  Fig,   504. 

Fig,  503. — ^Loopii  of  wire  paftsed  about  teC'th  uf  lower  jaw  preptrntory  to  wiring  rhe 
JAWS  together. 

Fig.  50^^. — I.oopa  of  wire  paised  ntKiiil  the  dipper  te^th  correspondjog  to  those  shown 
In  Fig.  502, 


FIf.   505. — Two  points   of  fixatbn   in   wiring  the   mii^itla;   logelhi^n 
Vig,   506. — Oppnaile   nidr*   in    Anme  ctt&e  ihowing  tittp   of  friitfture   arid   two   Additional 
polnU  of  Axallon, 


shown  in  Pi^.  503.  The  ends  are  tv^isted  toLn^tlN^r  to  nhtaii*  h 
firni  hold  on  the  tooth  and  fusteiied  witli  a  similar  pair  n\'  twisted 
ends  whieh  are  secured  to  a  tooth  in  the  opposite  areade.  With 
this  method  it  may  he  neeessary  to  replace  the  loops  nhout  the 
teeth  if  the  wires  break  liy  twistintr,  or  if  it  beeomes  neeessary  to 
eut  ilie  wires  in  ease  of  voiniling.     Moreover  Hie  fixation   is  not 
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quitp  as  siTurt'  as  Ulivrr  s  ni«^tlvml  and  it  is  not  posstMe  to  release 
flip  jawH  as  cpiii'kly   in   ease  of  riot*r»:'4*ue\ . 

Angle's  hands  and  mrt.~ln  yilat-e  of  tlh-  niii-lior  loops  deseriWd 
in  Oliwr's  iiielhotl  we  may  riiiiiltvy  An«ile's  bnnds  such  as  shown  in 
Fi^.  510,  Tliey  aiv  ordinarily  Hst*d  in  ortftodantia  but  H^rve  the 
purpose  in  frju-turi's  vt^ry  niti'ly.  They  may  he  o!>taim'd  at  dental 
supply  houses  mui  th*^  knobs  for  sefnirin^  the  trH<*tirtn  wire  may  he 
Mttiiclird   to   tbr   bait<l   at    any   point   drsii'fd   by   mrnns  of  solder. 


Fi(f'  r>07. — Sitnplc'  mi^Oiifcl  of  wirinir  th«»  iiptH*r  In  ih**  lowpr  teeth  in  frttettiiTV  ot 
lh«  krwer  jnw.  Thiw  ip^  Mw  snirie  rnethud  as  demortslniieil  in  Vigs.  503,  504,  505  and 
5O0,      FrAKin(<'nl^    hi>1if    in    piod    fip|Htt^4tii>n    in    Apiti'    of    <li'ittji1    f1i'tir34M^ii'ii'>i, 

Ijoops  instead  of  knobs  are  sonietiines  used  on  the  bandn  an^l  are 
very  satisfai-tory.  Threaded  Imrs  and  jack-serews  are  made  to 
pass  from  an  AnM;!e  band  on  one  of  the  lower  teeth  to  be  auebored 
on  a  l>and  plaeed  on  one  of  tfie  teetb  in  the  opposite  art-ade,  but 
these  should  never  he  used  situie  the  jaws  eanuot  be  released 
(|uiekly  with  win'  entlirii!:  forceps  in  ease  of  emer^eney.  The 
Ans:le  sfdint  will  be  cormidered  under  the  next  lieadinj^, 

6.  SfriinH(j  fhe  fratptutit^'i  bfj  means  of  wirituj  the  teeth  of  the 
lowif   jaiv. — Various   modifications    of   this   principle    iiave   been 
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devised  ntn\  in  riuiiiy  iitstntifrs  tlu*  rnctliotl  is  thoroii^lily  salis- 
factory.  An  cxtmiicly  kM  hih\  stimetirjirs  rtTirieiit  im^tliod  is  tJiat 
of  wiriiitjf  tlir  a(ijoitiTii<.'  ttvlli.  A  loop  ol"  Iwnvy  wivv  is  [jasHe*! 
about  four  tcrtli  (two  on  ritlit-r  side  of  Hie  fnirture^  iini!  the  enda 
twisted  tigiitly  together,  iMit  off  ami  hent  inward  1  between  the 
teeth  80  H8  not  to  injure  tin-  rmn*fJUH  mejiihrnne.  l\  h  usually 
difficult  to  ^^et  this  wire  suffieieiitly  tight   by   twistin^^  and   when 


Kijf,  508- — AriKlr'h  hj»ri<iK  anil  bi*r».  siiMtlifi)  (o  fmrhirc  u(  ilie  iiuinJilbk'  nl  the 
Hvmphj'Kka. 

Ki»r.   fjtitJ.— An»!h«'i*  hrmdM    ttiiiJ    hum    iip\i\'u-t\    lo    frncdin*    of    thi*    inriiulihlv    bHwi»rn 

iUv  ^(^riTiu!  l»irri}4|Md  iini!  first  moLir, 


^H  fig,   5 It). — Anielo'*   IhiihIk   with  ViiuIik  for   wirinK  jiivtm  loKf^fhcr. 

^B  Fit.  SI** — flame   rnw   nk   nhown    in    Fig,    hli)    showing   cit)tK)Bilii>    si*!*'    uf   }iiw    with 

^B      iHiintu  of  flxittton  on  t*tih(«i'  t.td<*  af  frai'tur^". 

H  8uch  is  the  ease  a  raekini^'  wire  in  paased  betwr^eu  the  leeth  so  as 
to   inelitde   both    arrus   of   tlie    loop.     The   ends   of   this   wire   are 

_  twisted  tightly  to^etf^M'  and  in  so  doinir  the  internal  arm  of 
th*-  lrK)ji  is  srm^^'ed  U|»  aj^ainst  the  Mnj^niHl  snrfaee  of  the 
teeth.  The  wire  uni.st  inelude  at  h^ost  two  teeth  or*  eaeh  side 
of  the  fraetiire;  if  only  one  tooth  on  eaefi  m<le  is  inelnded  tiiey 
will    ahiiost    snrelv    Itjosm,   \Ur   <jbje<'t    of    tixidion    thus   beiuL'"  <b'- 
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feated.  A  more  secure  method  of  wiring  the  teeth  together  is 
described  by  Oliver  in  the  first  part  of  his  procedure  (page  367). 
Any  form  of  wiring  must  be  closely  watched  and  tightened  to 
compensate  for  the  loosening  which  is  sure  to  take  place.  For 
this  reason  silver  wire  is  not  as  satisfactory  as  some  other  forms 
on  account  of  the  likelihood  of  its  breaking  when  much  twisting 
is  required.  Bronze-aluminum  wure  of  large  caliber  or  ordinary 
electric  wire,  with  the  insulation  removed,  may  be  used.  In  any 
event  the  wire  should  be  heavy  and  the  ends  pointed  to  facilitate 
its  passage  between  the  teeth.  If  it  is  desired  to  pass  wire  between 
the  teeth  where  there  is  not  sufficient  space  an  opening  may  be 
made  slightly  below  the  gums  by  puncturing  with  a  sharp  instru- 
ment; this  however  is  very  rarely  necessary.  Wiring  will  have  to 
be  varied  according  to  the  nature  and  disposition  of  the  teeth. 
When  there  is  much  tendency  toward  lateral  displacement  this 
method  should  not  be  employed ;  it  is  particularly  inefficient  when 
the  line  of  fracture  through  the  body  is  oblique,  so  that  one  frag- 
ment tends  to  slip  past  the  other. 

Hammond's  wire  splint,  a  method  which  has  been  followed  by 
good  results,  consists  of  a  heavy  iron  wire  encircling  all  the  teeth. 
One  continuous  wire  follows  the  lingual  and  buccal  surfaces  of  the 
lower  dental  arcade.  This  wire  should  be  heavy  enough  to  with- 
stand the  lateral  strain  and  after  fitting  it  to  the  teeth  it  is  better 
to  remove  it  and  solder  the  ends  together  rather  than  to  depend 
on  sinii)le  twisting.  With  the  wire  in  place  about  the  lower 
denture  a  number  of  eopi>or  racking  wires  of  lighter  material  are 
pass<'d  b(»tween  the  lingual  and  buccal  arms  of  the  splint  and  the 
ends  twisted  to  secure  tlie  appliance  in  place,  Edmund's  forceps 
(Fig.  500)  may  be  used  to  force  the  heavy  wire  of  the  splint  more 
snugly  against  the  ('(^rvieal  poiiions  of  the  teeth  and  to  facilitate 
tightening  the  racking  wires.  This  method  is  usually  not  secure 
enough  to  allow  motion  of  thc^  jaw  during  the  after-treatment  but 
should  bt?  used  in  conjunction  with  some  method  of  fixing  the  jaws 
together. 

Angle's  splint  consists  of  bands  fastened  about  the  teeth  with 
a  threaded  bar  passing  between  them.  The  bands  are  similar 
to  those  used  in  wiring  the  jaws  together  but  have  heavy  tubes 
sold(Te(l  to  thtMu  instead  of  the  knobs.  The  tubes  are  placed 
horizontally  on  the  buccal  side  and  have  a  heavy  threaded  bar 
passing  through  them  from  one  side  of  the  fracture  to  the  other. 
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When  the  nuts  are  placed  and  tightened  the  fragments  are  pulled 
together  and  held  in  firm  apposition.  The  splint  may  be  tightened 
by  passing  wire  from  band  to  band  on  the  lingual  aspect. 

Fracture  of  the  ramus  is  a  rare  condition  and  is  not,  as  a  rule, 
accompanied  by  much  displacement.  Some  form  of  fixing  the  jaws 
together  will  afford  the  necessary  rest  for  the  ramus  and  will  be 
followed  by  good  results  in  most  cases.  When  much  deformity 
exists  open  incision  may  be  indicated  to  effect  reduction.  Wiring 
of  the  fragments  may  be  called  for  if  there  is  tendency  toward 
displacement  when  the  jaws  are  fixed.  Fracture  of  the  neck  of 
the  condyle,  like  fracture  of  the  ramus,  requires  fixation  of  the 
jaws,  and  may  require  operative  intervention  if  the  displacement  is 
pronounced.  In  operating  in  this  region  care  must  be  exercised 
to  avoid  injury  to  Stenson's  duct  and  the  facial  nerve  (see  Anat- 
omy, page  350).  Fracture  of  the  coronoid  is  extremely  rare  and 
will  probably  require  only  fixation  of  the  jaws  for  a  short  time. 

Operative  Treatment. — In  some  cases  it  may  seem  advisable  in 
meeting  the  requirements  of  the  case  in  hand  to  unite  the  frag- 
ments of  the  body  of  the  bone  by  direct  wiring  or  by  the  use  of  a 
small  Lane  plate.  This  is  done  through  an  incision  parallel  to 
and  slightly  below  the  lower  border  of  the  jaw.  In  making  this 
incision  care  sliould  be  taken  to  avoid  the  facial  artery  which 
crosses  the  external  surface  of  the  bone  in  an  upward  and  forward 
direction  at  the  antero-inferior  angle  of  the  masseter.  The  bone 
having  been  exposed,  holes  are  drilled  in  the  positions  of  greatest 
advantage  and  wire  passed,  twisted,  cut  off  and  turned  in.  In 
oblique  fractures  with  overriding  tendency  it  is  often  best  to  have 
both  arms  of  the  loop  passing  through  the  plane  of  fracture  in  the 
substance  of  the  bone.  In  transverse  fractures  a  single  loop  with 
one  arm  on  the  external  and  the  other  on  the  internal  surface  of 
the  bone  will  be  sufficient  to  secure  immobilization  if  the  serrated 
edges  of  the  fragments  are  well  engaged  and  the  wire  properly 
tightened. 

It  is  well  in  any  operative  procedure  about  the  jaw  to  refrain 
from  removing  loosened  teeth  and  spicules  of  bone  unless  entirely 
separated  from  the  surrounding  tissues,  since  they  usually  become 
solid  as  a  result  of  the  free  circulation  in  this  region.  In  some 
cases  of  fracture  of  the  jaw  we  have  actual  destruction  of  a  con- 
siderable portion  of  the  bone,  and  in  other  cases  we  have  loss  of 
osseous  tissue  through  infection  and  necrosis  and  in  such  instances 
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it  is  difficult  to  obtain  an  end  result  which  is  perfectly  satisfactory. 
When  a  portion  of  the  bone  is  lost  good  occlusion  is  not  possible 
and  more  or  less  deformity  is  bound  to  ensue  unless  some  method 
other  than  those  previously  described  is  resorted  to.  In  these 
cases  much  <i:ood  can  be  accomplished  by  means  of  bone  trans- 
plantation, although  the  method  has  not  been  sufficiently  employed 
at  the  present  time  to  state  definitely  what  its  limitations  may  be. 
However  transplantation  is  justified  and  indicated,  in  view  of  the 
unhappy  results  following  destruction  of  a  portion  of  the  jaw. 

The  bone  transplant  is  usually  taken  from  some  other  portion 
of  the  patient's  skeleton  and  placed  in  the  mandible  according 
to  the  principles  of  bone  transplantation  laid  down  in  Chapter 
LX. 

The  usual  rules  governing  union  in  fractures  do  not  hold  good 
about  the  face  since  the  free  circulation  is  capable  of  withstanding 
greater  insult  and  accomplishes  great,  rapid  and  extensive  repair. 
Cases  have  been  reported  in  recent  years  showing  excellent  results 
following  transplantation  of  bone  and  what  is  still  more  surpris- 
ing the  formation  of  new  bone  about  metallic  framework  previously 
built  to  fit  the  requirements  of  the  case.  This  metallic  frame- 
work has  even  been  successful  in  the  forming  of  a  new  condyle. 
The  transplant  is  most  easily  and  satisfactorily  obtained  from 
the  crest  of  the  tibia ;  it  should  be  cut  to  accurately  fit  the  defi- 
ciency in  the  jaw.  Its  ends  nuist  be  placed  in  firm  apposition  with 
the  freshened,  living  ends  of  the  maxillary  fragments  and  should 
be  immobilized  by  wire  loops  or  plates.  The  transplant  must  not 
be  exposed  within  the  mouth  but  should  ])e  protected  at  least  by 
mucous  membrane.  Transplantation  should  not  be  performed  in 
the  presence  of  infection ;  it  is  essential  to  wait  until  all  dead  bone 
has  sloughed  out  or  been  removed  and  the  sinuses  healed  in,  before 
the  transplant  or  any  other  foreign  material  is  introduced.  In 
closing  the  incision  after  operation  on  the  jaw  a  subcutaneous 
suture  should  be  run,  gathering  in  considerable  tissue  between  the 
bone  and  the  skin ;  by  this  means  we  will  avoid  the  unsightly  re- 
tracted scars  so  fre(|uently  seen  following  operations  on  the  jaw. 

The  skin  is  best  closed  with  horse-hair.  If  suppmration  follows 
the  operation  we  must  see  to  it  that  drainage  is  free  and  complete 
but  we  should  not  be  too  hasty  in  removing  foreign  materials, 
since  discharging  sinuses  in  this  region  frequently  close  of  them- 
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selves  in  spite  of  the  presence  of  foreign  bodies  such  as  suture 
materials,  plates,  etc. 

After-Treatment. — The  after-treatment  of  fracture  of  the  jaw 
consists  in  keeping  the  mouth  clean  by  means  of  mild  antiseptic 
washes  and  seeing  to  it  that  the  mechanical  appliance  in  use  is 
properly  accomplishing  its  purpose  of  immobilizing  the  fragments. 
When  a  method  is  employed  which  keeps  the  jaws  closed  the  pa- 
tient must  be  fed  with  liquids;  an  aid  to  the  introduction  of  food 
will  be  found  in  passing  a  tube  between  the  cheek  and  the  teeth, 
the  end  passing  behind  the  last  molar.  Eggs  and  milk  will  form 
the  main  part  of  the  diet.  These  may  be  combined  in  different 
ways  and  various  flavoring  materials  used  to  prevent  the  patient 
tiring  of  them.     Sou[)s  and  broths  will  add  variety. 

It  will  usually  not  be  necessary  to  keep  the  jaws  together  for  a 
period  longer  than  ten  days  or  two  weeks  so  that  the  inconvenience 
of  feeding  is  not  a  long  one.  Union  is  well  under  way  by  this 
time  but  the  mandible  will  not  be  in  condition  to  stand  any  con- 
siderable strain  until  two  months  or  more  have  elapsed  from  the 
time  of  fracture ;  the  patient  .should  be  cautioned  in  this  regard. 

Prognosis. — The  usual  case  of  fracture  of  the  body  of  the  jaw 
should  be  followed  by  perfect  function  and  no  deformity.  Cases 
in  which  the  trauma  has  been  severe  and  in  which  there  have 
been  multiple  fractures  are  much  more  difficult  to  treat  and  ac- 
cordingly are  sometimes  followed  by  more  or  less  loss  of  function 
and  deformity.  Protracted  cases  and  those  in  which  infection  has 
occurred  may  be  followed  by  damage  to  the  articulation  and  in 
some  instances  ankylosis.  The  more  complications  the  case  pre- 
sents the  worse  the  prognosis. 


CHAPTER  XXIX. 
DISLOCATIONS  OF  THE  JAW. 

Surgical  Anatomy. — The  teiuporo-maxillary  articulation  pos- 
sesses many  auatoniical  features  which  should  be  understood  be- 
fore entering  upon  the  clinical  aspects  of  dislocations  of  this  joint. 
It  is  a  ginglymo-arthrodial  joint.  The  interarticular  fibro-car- 
tilage,  horizontally  placed,  divides  the  cavity  within  the  capsule 
into  two  distinct  articulations,  each  with  its  separate  and  complete 
synovial  membrane.  The  function  of  the  upper  articulation  is 
that  of  gliding,  which  is  brought  into  action  in  the  lateral  grind- 
ing motions  of  the  jaw,  and  when  the  chin  is  protruded.  The 
lower  articulation,  between  the  cartilage  and  the  condyle,  has  a 
purely  hinge-like  action,  used  in  raising  and  lowering  the  man- 
dible. The  peculiar  formations  of  the  condyle  and  glenoid  cavity 
are  difficult  to  appreciate  unless  one  examines  these  surfaces  on 
the  skull,  preferably  in  a  fresh  specimen.  The  nature  of  the 
articulation  permits  only  of  forward  dislocation  unless  fracture 
complicates  the  condition.  Backward,  outward  and  upward  dis- 
placements liave  been  described  though  they  are  extremely  rare 
Backward  dislocation  may  occur  w^hen  fracture  of  the  neck  of  the 
condyle  exists,  and  upward  displacements  have  been  reported  as 
the  result  of  the  condyle  having  been  driven  through  the  glenoid 
cavity. 

The  joint  lias  practically  throe  ligaments,  the  capsular,  internal 
lateral  and  stylo-maxillary.  The  external  lateral  ligament  is 
simply  a  thickening  in  the  outer  portion  of  the  capsule,  while  the 
interarticular  fibro-cartilage  lies  within  the  capsule  and  is  con- 
tinuous with  it.  The  internal  lateral  ligament  is  entirely  in- 
dependent of  the  capsule,  l)eing  attached  above  to  the  spine  of  the 
sphenoid  and  below  to  the  lingula.  The  stylo-maxillary  ligament 
extends  from  the  tip  of  the  styloid  i)rocess  to  the  angle  of  the 
jaw.  The  anterior  portion  of  the  capsule  is  the  only  ligament 
limiting  anterior  displacement  of  the  condyle  after  it  has  ridden 
over  the  eniinentia  articularis. 

376 
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Dislocation  of  the  jaw  is  almost  always  the  result  of  muscular 
action,  although  violence  has  been  known  to  have  produced  the 
condition.  A  blow  on  the  chin,  or  a  forward  blow  on  the  angle  of 
the  jaw  while  the  mouth  is  open  is  known  to  have  caused  the 
luxation.  It  has  occurred  in  yaw^ning,  talking,  singing,  coughing 
and  vomiting.  Overaction  of  the  external  pterygoid  while  the  jaw 
is  depressed  is  responsible  for  the  luxation.  When  the  condyle 
has  been  displaced  far  enough  forward  to  become  engaged  in 
front  of  the  prominence  of  the  eminentia  articularis,  it  is  held  in 
displacement  by  spasm  of  the  internal  pterygoid,  masseter  and  the 
posterior  fibres  of  the  temporal. 

Etiology. — This  dislocation  occurs  more  commonly  in  middle 
aged  persons  and  is  more  frequently  seen  in  women  than  in  men. 
It  is  usually  the  result  of  muscular  action  and  rarely  caused  by 
violence. 

Sjnnptoms. — In  tlu*  usual  bilateral  dislocation  the  mouth  is 
opened  widely,  and  the  entire  jaw  displaced  forward.  Saliva 
drools  from  the  mouth.  Articulation  is  impossible,  and  when  the 
patient  attempts  to  talk  he  is  almost  unintelligible.  Considerable 
pain  is  experienced  during  the  time  the  condylar  processes  are 
displaced.  In  the  unilateral  dislocation  the  mouth  is  open,  chin 
protruded  and  displaced  to  the  op[)osite  side,  which  gives  the  face 
a  peculiar  twisted  appearance.  The  displaced  condyle  may  be 
felt  below  the  zygomatic  arch  and  a  depression  exists  just  in  front 
of  the  ear  indicating  the  empty  glenoid  cavity. 

Treatment. — Reduction  is  accomplished  by  forcing  the  rami  of 
the  jaw  downward  and  backward  as  the  body  of  the  bone  is  raised. 
The  thumbs  are  protected  by  a  towel,  or  heavy  bandages,  intro- 
duced into  the  mouth  and  carrietl  as  far  back  as  the  last  molars 
on  either  side,  the  opposing  lingers  then  secure  the  lower  border 
of  the  body  of  the  bone.  Downward  and  backward  pressure  is 
then  made  by  the  thumbs,  forcing  the  condyles  over  the  articular 
eminences  as  the  body  of  the  bone  is  raised.  The  thumbs  should 
be  removed  before  the  molars  come  together.  The  spasm  of  the 
muscles  previously  referred  to  sometimes  ()f1\*Ts  a  most  siM-ious  ob- 
struction to  reduction  even  to  the  extent  of  necessitating  an  anes- 
thetic. It  is  surprising  with  what  facility  reduction  nuiy  be  ac- 
complished with  the  muscles  relaxed  in  cases  in  which  the  jaw 
seemed  immovable  in  its  displacement  before  an  anesthetic  was 
given.     It  is  extremely  rare  to  find  a  case  in  which  reduction  can- 


'MA  FRACTURES  AND   DISLOCATIONS 

not  1)0  a(»(»oi!iplislu'd  inidor  anesthesia.  If  the  displacement  has 
exist (m1  for  some  months  the  formation  of  adhesions  about  the 
eoiuiyh*  and  fhan^es  in  the  glenoid  cavity  may  necessitate  open 
ineision  to  etTcft  reduction.  If  necessary  the  condyle  may  be 
it»seeted  with  a  vit»\v  to  the  formation  of  a  new  joint. 

After-Trcatment.— The  jaw  should  be  fixed  for  a  period  of  two 
wtvks  t\>nowinir  tlu»  aeridfiit.  This  is  readily  accomplished  by 
means  of  a  four-tailed  or  Harton  bandage.  The  patient  should 
Ih»  eantioned  not  to  open  the  mouth  too  far  for  at  least  another 
month  following  tlic  removal  of  dressings.  When  dislocation  of 
the  jaw  has  omr  taken  pla<-<'  it  is  likely  to  occur  again,  and  unless 
the  piitii'iit  is  apprised  of  this  fact  he  may  fiHil  that  the  treat- 
ment was  not  successful  if  luxation  recurs  even  at  a  remote 
pci'ioil. 

Prognosis.  K'rduction  is  usually  accomplished  without  diflficulty 
in  leiMiit  cases.  Restoration  of  function  is  perfect  with  the  ex- 
teption    of   a    tendency   to   habitual    luxation   which   exists   in   all 


CHAPTER  XXX. 

SCALP  WOUNDS. 

Wounding  of  tlie  scalp  is  such  a  frequent  and  important  compli- 
cation of  fracture  of  the  skull,  that  the  management  of  these 
wounds  is  best  considered  before  entering  upon  the  subject  of 
injury  to  the  skull  and  brain.  Fracture  of  the  vault  of  the  skull 
is  usually  accompanied  by  wounding  of  the  scalp  or,  in  other 
words,  the  fracture  is  compound;  and  the  successful  treatment  of 
the  wound  will  often  determine  whether  or  not  infection  will 
follow  the  injuiy,  ^^^^  hence  is  of  the  greatest  imi)ortance. 

Surgical  Anatomy  of  the  Scalp. — The  scalp  is  compased  of  five 
layers : 

1.  The  skin. 

2.  The  subcutaneous  layer  of  fat. 

'A.  The  occipito-frontalis  muscle  and  its  aponeurosis. 

4.  The  subaponeurotic  connective  tissue. 

5.  The  pericranium. 

These  layers  individually  and  collectively  are  of  considerable 
surgical  importance  and  should  be  understood  when  treating 
wounds  of  this  region.  Thc^  skin  of  the  scalp,  the  toughest  and 
thickest  in  the  entire  body,  is  supplied  with  numerous  hair  fol- 
licles and  sebaceous  glands.  The  subcutaneous  layer  of  fat  has 
bundles  of  fibrous  tissue  i)assing  through  it  in  all  directions,  and, 
together  with  the  skin,  is  firmly  adh(»rent  to  the  ai)oneurosis  of 
the  occipito-frontalis  which  lies  directly  below  it.  The  hair  fol- 
licles of  the  skin  extend  down  into  the  subcutaneous  tissue,  and  in 
gaping  wounds  the  bulbous  ends  of  the  follicles  may  be  seen  by 
everting  the  edges.  The  aponeurotic  layer  or  galea  is  composed 
anteriorly,  of  the  frontalis  nmscle,  which  is  inserted  into  the  skin, 
posteriorly,  of  the  occipitalis  musele,  which  arises  from  the  superior 
curved  line  of  the  occipital  bone,  and  the  aponeurotic  tissue  or 
tendon  which  extends  between  these  two  nuiscles  and  divides  the 
scalp    surgically    into    two    layers;— the    superficial    and    deep. 
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VVoiiiiHm  whirrh  rlivide  the  aponeurotic  layer  will  gape,  while 
wournlM  whir;h  penetrate  only  to  the  galea  will  present  approxi- 
ffiSiU'd  edtreH.  Transverse  wounds  dividing  the  galea  usually  gape 
more  widely  than  wounds  of  the  same  depth  running  in  an  antero- 
fKmterior  direetion.  The  thrr*e  superficial  layers  just  named  are 
Ufimt'ly  eorirM*et<'d  with  the  deeper  structures  hy  means  of  an  areo- 
liir  tiHHiie  wliieli  hIIows  free  motion  of  the  upper  layers  over  the 
MkulL  Th<'  Ittyer  of  snbaponeiirotie  connective  tissue  is  of  the 
dfreiif^'Ht  Hiiru'wii]  iiriportanee  since  infections  in  this  loose  areolar 
fipwiie,  followinir  the  lines  of  least  resistance,  may  spread,  and  if 
fiot  promptly  and  freely  drained  the  entire  calvarium  may  be 
eoviTi'd  hy  tlir  inf«*ction  and  the  scalp  "floated"  with  pus.  The 
perirniniurn  is  the  deepest  layer,  covers  the  calvarium  and  acts 
iiM  H  rnodifii'd  periosteum.  It  differs  from  periosteum  in  other 
rei^ioriM  in  tlir  followinir  resi)ectH:  the  pericranium  does  not  re-form 
hone  folhiwin^f  loss  of  osseus  tissue  to  the  extent  observed  in  peri- 
imtiMim  I'JHrwhrrc;  the  eireulation  is  less  free:  and  it  may  be 
pitripjM'd  from  the  hone  without  causing  any  serious  disturbance  in 
the  nutrition  of  the  denuded  osseous  tissue.  Where  the  pericran- 
ium crosses  th(«  sutun^s  it  is  intimately  connected  with  the  inter- 
Muturnl  connective  tissu(%  thou<;h  in  other  portions  of  the  skull 
it  may  he  rendily  stripped  from  the  hone.  The  scalp  as  a  whole, 
lo^fether  with  the  luiir,  alVords  an  excellent  protection  to  the  skull 
and  is  riclily  supplied  with  blood  vessels.  The  main  portion  of  the 
circulation  of  the  scalp  runs  in  the  subcutaneous  connective  tis- 
sue and  in  the  skin  itself,  and  its  richness  accounts  for  the  re- 
nuirkahle  repnrntive  properties  of  the  scalp,  which  are  not  equalled 
elsewhere  in  the  skin  of  tlie  body  except  the  face.  The  amount  of 
fibrous  tissue  present  in  tiie  layer  in  which  the  blood  vessels  run 
accounts  for  tlie  profuse  ;ind  prolonj^^ed  hemorrhage  so  common  in 
scalp  wounds.  This  fibrous  tissue  j)revents  the  vessels  from  clos- 
ini.r  as  they  do  elsewhere  following  injury,  and  explains  the  diffi- 
culty so  fre(jueutly  experienced  in  catching  and  ligating  vessels 
in  the  scalp.  The  Tnobility  of  the  scalp  will  often  save  the  parts 
frotn  wounding  hy  allowiuj;  tluMu  to  give  before  the  vulnerant 
body. 

Vi:ssi:i.s  ok  tmk  Scalp.  In  the  frontal  region  w^e  have  the  frontal 
branch  of  the  ophtluihnic  artery  which  emerges  from  the  inner 
anglr  of  the  orbit  and  anastomoses  with  its  fellow  of  the  opposite 
side  and  with  the  sui>raorbital  artery.     The  supraorbital  artery  is 
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a  branch  of  the  ophthalmic,  of  larger  size  than  the  frontal.  It 
emerges  from  the  orbit  through  the  supraorbital  notch  at  the 
junction  of  the  inner  and  middle  thirds  of  the  supraorbital  ridge, 
and  divides  into  superficial  and  deep  branches  anastomosing  with 
the  frontal  and  anterior  branch  of  the  superficial  temporal  artery. 
The  side  of  the  scalp  is  supplied  by  the  superficial  temporal,  a 
branch  of  the  external  carotid  artery,  which  may  be  palpated  as 
it  ascends  just  in  front  of  the  auricle.  Tliis  artery  divides  into 
an  anterior  and  posterior  branch  and  anastomoses  with  the  deep 
temporal  arteries;  the  anterior  branch  of  the  superficial  temporal 
anastomoses  with  the  supraorbital,  and  the  posterior  branch 
anastomoses  with  the  posterior  auricular  and  occipital  arteries. 
The  deep  temporal  arteries  are  two  branches  of  the  internal  maxil- 
lary; they  supply  the  temporal  fossa,  anastomose  with  each  other 
and  with  the  superficial  temporal  and  lachrymal  arteries.  The 
occipital  and  posterior  auricular  arteries, — branches  of  the  ex- 
ternal carotid, — supply  the  posterior  portion  of  the  scalp  as  far 
forward  as  the  ears,  and  anastomose  with  each  other  and  the 
l)osterior  branch  of  the  superficial  temporal  artery.  The  occipital 
artery  passes  onto  the  scalp  at  a  point  about  midway  between  the 
inion  and  the  external  auditory  meatus  and  in  this  region  is  more 
or  less  exposed  to  injury ;  when  opened  it  may  give  rise  to  profuse 
hemorrhage.  It  may  be  temporarily  controlled  by  compressing 
it  against  the  skull  on  the  proximal  side  of  the  wound.  All  of 
the  arteries  of  the  scalp  may  be  temporarily  controlled  by  the 
application  of  an  elastic  tourniquet  about  the  head,  which  is  kept 
in  place  until  the  main  branches  are  secured  with  ligature.  The 
arteries  most  likely  to  cause  free  hemorrhage  are  the  occipital  and 
superficial  temporal,  either  of  which  may  be  controlled  by  digital 
pres<:nrf  against  the  skull  Im'Iow  the  wound.  The  anastomosis  be- 
tween the  above  named  arteries  is  very  free,  and  the  size  of  the 
vessels  is  large  for  the  region  supplied;  the  result  is  that  the 
blood  supi)ly  to  the  scalj)  is  great,  and  the  vitality  of  the  tissues 
correspondingly  high. 

The  veins  of  the  scalp  correspond  to  the  arteries  just  named, 
though  there  are  some  differences  which  are  worthy  of  surgical 
note.  The  supraorbital  vein  anastomoses  with  the  cavernous  sinus 
by  means  of  the  angular  vein  near  the  inner  angle  of  the  eye,  and 
thus  infection  in  the  region  of  the  forehead  may  be  drained  into 
the  cavernous  sinus  as  well  as  into  the  facial  vein,  which  is  the 
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fiffithy''f(if'U^   ui  ^'*i*»  r-^jzoz.,     Tr.-r  <:3t«er>>r  !k<CiLmii<iiiia]  sous  r^- 

ff^iM^K  tUt o*r/h  th*'  ihti^thI  fonini-n.  ai>i  is.  ;:kr  mjnuKT  eamiecTion 
K  «'«lMMMh'''l  U'tw<'<'ri  rh*-  ••^-alc'  an«i  iAT^-nii  «uiu<««  throasfa  the 
fhhnlou\  Hiifl  iitmurior  'Ofj'iyioi'l  vr-in>.  Th»-5»r  anas^tomoBe^;  are  of 
ffh\rhfUtiif'*'  in  (ffiouifjtr  Hi*-  a  ay  in  whi«.^L  iufrftioD  may  ]>ass  from 
Mm'  hiiU'v  f.nrfHt'*'  of  t)M'  skull  to  th^  intrai-mnial  >inuse& 

77//  hfffiffhotii  ifMHfU  form  a  fiv#-  anastom*i>is  in  the  <«ralp  from 
¥fhwSi  HI*'  tU'f'n*i\  tJM'  inaiii  trunks  which  follow  the  eourse  of  the 
nt'Urttn  TIm'  iint<-rior  fiortion  of  th*-  S4-aI{>  is  drained  into  the 
itMl'fniioibiry  t'i;in(iK:  th<'  tt'iiipor^l  n'gion  and  that  portion  of  the 
fjn\ii  n\in\i-  it  is  i\niiiuu\  into  tli»'  suiH'rfieiHl  and  deep  |>arotid  lyui- 
\f\hthr  i/hiiJ'U.     Tlifit   portion  of  the  scalp  lyirnr  liehind  a  vertical 

I  Mil'  roll  iHi'ti  111:  tiM'  two  external  auditory  nieati  is  drained  into  the 
o«'<'ipitiil    imd    posti'rior   auricular   glands. 

'////  nrri'fs  of  the  scalp  may  be  <livided  into  sensorj-  and  motor. 
Till'  Hi'iiHory  nerves  are  of  cranial  an<l  cervical  origin.  The  an- 
terior portion  of  the  s<'alp  is  supi)lied  by  branches  of  the  fifth 
eriuiial  wrvi*  and  extends  upward  to  about  the  middle  of  the 
verlex.  Tlie  posterior  portion  of  the  scalp  is  supplied  by  branches 
of  Uie  upper  eervieal  nerves.  The  sensor}'  nerves  may  cause  con- 
i»idi'nihle  pain  Iastiii«r  over  a  lon^  period  of  time  if  they  become 
eiiijj/lit  ill  sear  tissue  and  may  necessitate  operation  to  afford  the 
put  lent    relief. 

All  the  muscles  of  the  scalf)  arc  supplied  by  the  facial  nerve; 
the  iMcipiijilis  muscle  sometimes  receives  additional  filaments  from 
the  occipitiilis  minor  nerve.  The  upper  branch  of  the  '*pes  an- 
MciJiiiH, "  NUpplyiii«r  the  rrontalis.  is  the  most  fre(|uently  injured 
motor  nerve  in  the  scalp.  lnal)ility  of  the  patient  to  wrinkle  the 
eoM'i'Hpondinji:  half  of  th<'  forehead  should  lead  to  a  search  for  the 
divided  rtids  of  this  ncrve  lud'ore  a  scalp  wound  of  this  region  is 
cloNcd. 

Pathology  and  Symptoms.  -Wounds  of  the  scalp  may  be  classi- 
tlcd  JIN  incised,  punctured,  lacerated  and  contused;  the  nature  of 
the  wound  dcpcndin^^  on  the  charaet(»r  of  the  vulnerant  body  and 
(he  decree  of  trjinma  causin«r  the  injury.     Tn  addition  w^e  may  have 

II  MHiipIc  contusion  without  an  openimj:  or  wound  in  the  scalp,  and 
idlhoiivh  It  cnnnot  propci'ly  l)e  considered  as  a  scalp  wound  yet 
\\n  impiutance  recpnrcs  consideration  under  this  heading.     Simple  ! 
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contusion  of  the  scalp  is  coinmon  and  may  lead  to  collections  of 
blood  or  serum  in  any  of  the  various  layers  of  the  scalp.  When 
the  collection  of  blood  is  in  the  movable  layer  of  the  scalp  (i.e., 
above  the  galea)  it  will  be  found  to  be  freely  movable  with  the 
skin  and  quite  circumscribed.  When  the  fluid  is  below  the  galea 
it  is  not  movable,  is  much  more  diffused  and  may  present  a  cir- 
cumference of  induration  which,  when  palpated  in  connection  with 
the  softened  centre  of  the  effusion,  gives  one  the  sensation  of  a 
depressed  fracture.  Continued  digital  pressure  on  this  margin 
of  induration  will  usually  cause  the  fluids  to  be  displaced  suffi- 
ciently to  differentiate,  but  if  this  is  not  satisfactory  a  needle  may 
be  used  or  the  parts  incised. 

Effusions  below  the  epicranium  are  rare  except  in  infancy;  when 
they  do  occur  they  will  be  found  limited  to  one  cranial  bone  of 
the  vault,  since  the  fusion  of  the  epicranium  with  the  intersutural 
fibrous  tissue  stays  the  further  spread  of  the  blood.  Birth  trauma 
and  the  free  vascular  connection  between  the  epicranium  and  the 
skull  in  infancy  accounts  for  the  comparative  frequency  of  such 
effusions    (cephalhematomata)    during  that  i)eriod. 

The  incised  wound,  strictly  speaking,  is  caused  by  some  object 
with  a  sharp  or  cutting  edge,  yet  there  is  a  distinction  which  must 
be  made  between  a  truly  incised  wound  and  an  apparently  incised 
wound  which  has  been  produced  by  some  blunt  instnunent,  such 
as  a  club.  A  scalp  wound  produced  by  a  club  may,  to  the  inex- 
perienced, have  all  the  characteristic  appearances  of  an  incision, 
though  on  closer  inspection  it  will  be  found  to  have  a  slightly 
ragged  and  contused  edge  and  the  underlying  structures  w411  not 
be  found  divided  as  by  a  knife.  The  cause  of  wounds  has  an  im- 
portant medico-legal  significance,  and  when  the  att(»nding  surgeon 
is  called  upon  to  give  testimony  he  should  be  aware  of  the  close 
similarity  existing  between  true  incised  wounds  and  those  made  by 
a  dull  instrument.  The  mechanism  of  the  pseudo-incised  wound 
has  been  likened  to  the  splitting  of  a  kid  glove,  struck  wuth  a  cane 
while  the  leather  is  stretched  across  the  knuckle. 

The  punctured  variety  of  wound  in  the  scalp  is  produced  by 
pointed  instruments,  and  the  fact  that  the  depths  of  the  wound  are 
not  easily  inspected  without  exploratory  incision  accounts  for  the 
overlooking  of  injury  to  the  underlying  skull  and  brain  in  many 
instances.  It  should  be  remembered  that  the  punctured  wound 
has  the  traumatic  energy  distributed  over  a  very  small  area  and 
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is  therefore  more  likely  to  do  damage  to  the  underlying  structures. 

Laceration  of  the  scalp  may  exist  in  all  degrees,  from  a  slight 
tear  to  a  complete  avulsion.  The  average  scalp  wound  shows  some 
degree  of  laceration  and  more  or  less  contusion,  so  that  for  prac- 
tical purposes  wounds  presenting  these  features  are  best  considered 
under  one  heading.  The  tissues  of  the  scalp  may  be  torn  and 
bruised  in  various  ways,  and  the  degree  of  injury  ranges  from  the 
most  serious  to  the  most  trivial;  the  important  question  in  each 
case — so  far  as  the  scalp  itself  is  concerned — is,  what  portion  of 
the  tissues  injured  has  been  damaged  beyond  recovery!  This 
question  can  only  be  answered  by  a  careful  examination  of  the 
wound  and  an  estimation  of  the  circulation  remaining  in  the 
ragged,  mashed  and  torn  edges. 

Dirt,  cinders,  gravel,  broken  glass  and  various  other  materials 
may  be  ground  into  the  wound  and  the  surrounding  scalp,  and  if 
allowed  to  remain  will  act  as  foreign  infectious  bodies  within  the 
tissues.  Loose  hair  is  a  very  common  material  found  within  the 
wound  and  when  not  removed  is  almost  sure  to  be  followed  by 
suppuration. 

A  common  form  of  lacerated,  contused  scalp  wound  is  one  in 
which  the  blow  causing  the  wound  has  resulted  in  the  traumatic 
death  of  more  or  less  tissue,  which  will  ultimately  slough  out  if  not 
removed  at  the  time  of  operation.  When  the  edge  of  the  wound 
shows  slight  laceration  union  can  often  be  expected  even  if  the 
lacerated  edge.s  are  not  trimmed  away,  but  when  the  laceration 
is  severe  and  the  edges  mashed,  we  may  look  for  more  or  less 
sloughin<^  if  this  tissue  is  not  removed,  regardless  of  the  presence 
or  absence  of  infection.  When  the  devitalized  tissue  is  extensive 
it  may  become  impossible  to  remove  it  and  approximate  the  edges. 
Inflammatory  reaction  is  much  more  pronounced  in  contused 
wounds  than  in  simple  incision  or  puncture.  A  type  of  injury 
frequently  seen  is  one  in  which  one  side  of  the  wound  has  been 
slid  and  separated  from  the  underlying  structures  as  the  result 
of  a  glancing  blow,  and  the  pocket  thus  formed  under  the  scalp 
often  contains  infectious  materials  which  have  been  forced  into 
the  wound  at  the  time  of  injury. 

Complications  and  Sequelae. — The  complications  may  be  grouped 
under  three  lieadings;  hemorrhage,  infections  and  conditions  ac- 
companying fracture  of  the  skull  and  brain  injury.  Late  compli- 
cations or  sequela?  are  painful  scar,  aneurism  of  the  scalp,  deform- 
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ing  contractures  of  scar  tissue,  tumor  formation  in  the  scar  (kel- 
oids and  rarely  malignancy)  together  with  the  late  complications 
following  brain  injury. 

Treatment. — The  treatment  of  these  wounds  will  depend  on  the 
conditions  present  in  each  individual  case  and  it  will  be  impos- 
sible to  formulate  the  routine  to  be  followed  in  all  instances.  A 
scalp  wound  may  be  present  without  any  evidence  of  injury  to 
either  skull  or  brain,  the  patient  not  having  suffered  the  slightest 
concussion,  while  on  the  other  hand  the  scalp  wound  may  be  a 
part  of  a  serious  condition  in  which  the  skull  is  fractured,  the 
brain  injured  and  the  patient  in  extremis.  These  extremes  to- 
gether with  the  intermediate  conditions  require  the  greatest  acu- 
men and  surgical  judgment  so  that  we  may  not  subject  the  patient 
to  unnecessary  operation  on  the  one  hand,  and  also  avoid  the  over- 
looking of  seriou^s  complications  on  the  other.  There  are,  how- 
ever, some  general  principles  which  should  be  followed  in  the 
treatment  of  these  wounds,  though  the  relative  importance  of  each 
will  vary  in  diflferent  cases.     They  are  as  follows: 

1.  Control  hemorrhage. 

2.  Prevent  infection  as  far  as  possible. 

3.  Avoid  the  overlooking  of  complications  especially  of  skull 

and  brain. 

4.  Close  the  wound  as  far  as  may  seem  advisable,  providing 

drainage  w^hen  necessary. 

1.  Control  of  heynorrhagc. — The  nature  and  amount  of  hemor-  , 
rhage  will  depend  upon  the  character  of  the  wound  and  the  ' 
vascular  structures  divided;  it  may  be  arterial  or  venous,  and  may 
consist  of  a  simple  oozing  or  an  active  spurting.  The  hemorrhage 
may  be  surprisingly  profuse,  when  some  of  the  main  arteries  of 
the  scalp  are  divided,  and  when  such  is  the  case  the  first  step  in 
treatment  must  be  the  control  of  this  bleeding.  When  the  artery 
is  accessible  it  should  be  secured  with  hemostats  for  the  time  being, 
until  the  scalp  has  been  appropriately  cleaned;  if  the  hemorrhage 
(•onsists  of  moderate  or  slight  oozing  it  may  be  neglected  during  the 
process  of  cleansing.  In  some  cases  it  may  become  necessary  to 
further  open  the  scalp  to  expose  the  bleeding  artery.  Tn  the  most 
profuse  hemorrliages  we  may  secure  temporary  hemostasis  by  pack- 
ing a  gauze  sponge  into  the  wound  and  making  firm  pressure  on 
it  with  the  hand.    In  the  case  of  hemorrhage  from  a  single  large 
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artery,  siieh  as  the  occipital  or  superficial  temporal,  we  may  com- 
press the  vessel  a»rainst  the  skull  a  short  distance  to  the  proximal 
side  of  the  wound  pending  the  proper  securing  and  ligation  of 
the  bleeding  end.  In  extreme  cases  an  elastic  bandage  may  be 
used  to  encircle  the  head  so  that  it  passes  just  above  the  brows 
and  ears  and  in  this  manner  all  the  large  vessels  of  the  scalp  will 
be  compressed  a<rainst  the  skull. 

One  of  the  most  annoyinj?  forms  of  hemorrhage  is  that  of  a 
persistent  oozintr  which  continues  even  after  the  wound  has  been 
thoroujrhly  prepared  and  is  ready  for  the  sutures.  This  oozing 
may  conu^  from  the  edge  of  the  wound  proper  or  it  may  come  be- 
tween the  layers  of  the  scalp  in  cas(»s  where  the  injury  has  been 
produced  by  a  glancing  blow  and  one  side  of  the  wound  has  been 
separated  from  the  underlying  tissues  by  **sliding.''  Such  oozing 
is  not,  as  a  ruh*,  dangerous  in  itself  but  if  allowed  to  continue  after 
the  wound  has  been  closed,  will  result  in  the  formation  of  clots 
which  can  only  favor  subsequent  suppuration.  The  drier  the 
wound  when  clased  (other  things  being  equal)  the  more  reason  we 
have  to  anticipate  prompt  healing.  Oozing  may  be  checked  in 
many  ways;  by  the  use  of  heat,  pressure,  styptics  and  sutures,  or  a 
combination  of  these.  A  method  which  will  in  most  instances  be 
found  all  that  is  rerpiired,  is  as  follows:  take  a  gauze  sponge  of 
appropriate  size  wrung  out  of  hot  salt  solution,  pack  it  into  the 
wound  and  nuike  firm  pressure  with  the  hand  from  two  to  three 
minutes.  When  the  spontrc^  is  removed  the  w-ound  surfaces  will 
be  found  dry  and  will  not  be^rin  to  bleed  again  unless  roughly 
handled.  This  procedure  is  best  carried  out  just  before  closing  the 
wound  when  the  manipuhitions  necessary  to  preparation  have  been 
completed.  A  solution  of  1  :2,()00  of  adrenalin  may  be  used  to 
advanta«rc  in  controlling  oo/ing  but  strong  chemical  styptics  shoidd 
be  avoided  because  of  the  injury  they  do  to  an  already  trauma- 
tized tissue.  Oo/ing  from  the  edge  of  the  wound,  especially  of 
the  venous  type,  will  almost  invariably  stop  when  the  sutures  are 
l)laced  and  tied.  Ait(M'  the  wound  has  been  closed  it  is  advisable 
as  an  additional  precaution  to  make  pressure  from  one  to  two  min- 
utes to  prevent  the  continuation  of  oozing  and  to  express  any 
blood  which  may  hav(»  collected  under  tlu»  closed  scalp.  When  it 
is  necessary  to  leave  buried  sutures  within  the  tissues  plain  cat- 
gut will  be  found  the  best.  If  hemorrhage  can  be  controlled 
without  the  use  of  buried  sutures  it  should  be  done. 
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FIk.   S)2. — Oi'diimry   sraVp    wound    pru-iiaret^    fur   nittiirr.      Sot*'    ih*-   ^li^nn    ^hnvin?   of 


FIfp   513.— SiiturL»«    tfik^'i)    to   loinu    ttir   innri^na    itf    tlir    wound    loi^lliiT. 


KiiC    514. — RiTurri>nt    tHiruhiiJir    tiT    Ihr    lojfurvil    lide  of    heftd    wild    airi{»   (if    iidtiir«ive 
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2.  The  prcvrniion  of  infection  is  to  be  accomplished  along  lines 
similar  to  those  already  laid  down  under  the  ** Treatment  of  Com- 
pound Fractures''  (sch^  pa*re  789).  Too  much  cannot  be  said  in 
condemnation  of  the  so-called  antiseptics,  such  as  bichlorid  of  mer- 
cury, which  invariably  do  more  harm  to  the  already  damaged  tis- 
sues than  they  do  to  the  germs  of  infection.  The  wound  should 
be  treated  by  attempt inji:  to  remove  the  infection  which  has  already 
gained  entrauee  and  not  by  killing  it  in  situ.  In  other  words  we 
should  endeavor  to  render  the  wound  aseptic  rather  than  anti- 
septic. It  is  of  eoui*se  i)raetically  impossible  to  remove  all  infec- 
tion from  the  scalp,  yet  we  may  so  reduce  the  number  of  bacteria 
prt*sent  when  the  wound  is  thoroughly  prepared  that  nature  is 
enabled  to  dispose  of  those  remaining  without  the  formation  of 
pus,  in  which  ease  the  wound  is  said  to  heal  by  first  intention. 

Oushed  and  devitalized  tissue  has  no  resistance  and  can  serve 
no  i)urpase  within  the  wound  except  to  act  as  a  culture  medium 
for  inf(»etion  and  the  same  may  be  said  of  collections  of  dead 
blood.  The  indications  therefore  are  to  approximate  healthy  tis- 
sue and  to  avoid  the  extravasation  of  hlood  and  serum  within  the 
wound.  Clinically  every  scalp  wound  must  be  considered  infected, 
yet  we  must  not  lose  sight  of  the  fact  that  additional  infection  and 
germs  of  dilVerent  strains  may  be  introduced  within  the  wound  by 
th(»  surgeon,  if  aseptic  regulations  are  not  observed.  The  first 
indication  in  the  treatment  of  scalp  wounds  (aside  from  the  con- 
trol of  severe  hemorrhage)  is  the  shaving  of  the  scalp  surrounding 
the  wound  and  the  cleansing  of  the  wound  itself.  Blood  and  dirt 
should  he  wiped  away  from  the  hair  which  is  then  clipped  away 
tor  a  distance  of  two  to  two  and  a  half  inches  surrounding  the 
wound.  Til  is  region  is  next  covered  with  lather  and  shaved,  care 
bein«i  exercised  to  prevent  the  hair  a^id  dirt  from  entering  the 
wound.  After  this  has  heen  accompli.shed  the  wound  is  irrigated 
with  salt  solution  and  the  unshaved  portions  of  the  scalp  dried 
with  a  sterile  towel. 

When  the  surgical  surroundings  are  favorable  an  assistant 
should  perform  the  preparation  just  described  so  that  the  surgeon 
may  a])pr()ach  the  prepared  scalp  with  clean  hands.  If,  however, 
tlu?  sui-gcon  is  treating  the  wound  unassisted  he  should  re-sterilize 
his  hands  and  whatever  instruments  may  have  come  in  contact  with 
the  wound  during  i)reparation  in  order  that  the  subsequent  ma- 
nipulations may  he  rendered  sterile.     The  scalp  is  then  once  more 


SCALP   WOUNDS 


389 


irrieratetl  in  and  about  the  wound  anil  the  surgeon  is  ready  to 
explore  the  depths  of  the  wound  to  remove  iufeetious  materials 
such  as  hair,  felt,  gravel,  einders,  etc.,  and  to  trim  away  devitalized 
tLSSue.  Isolated  hairs  show  a  strong'  tendency  to  elin^r  to  the  iusidi^ 
of  tlie  wound  and  it  m  frequently  neees^sary  to  piek  them  out  in- 
dividually with  thumb- forceps  even  after  the  wotintl  hits  ]h*vu 
thoroughly  irriji;ated  and  is  siipposetUy  elf  an.  Tincture  of  iodine 
may  he  used  on  the  surface  of  the  scalp,  either  full  strength  or 
diluted,  but  is  best  kept  out  of  frenh  sealp  wounds.  Other  anti- 
septies  within  the  wound  are  not  only  useless  but  harmful  ami 
should  not  be  employed. 

3.  Deli'ctioH  of  complications. — x\fter  the  hemorrhage  has  been 
eontrolle<l  and  infection  prevented,  as  far  as  possible,  the  wound 
is  ready  for  tln^  sutures,  but  before  these  are  placed  the  surgeon 
should  satisfy  himself  that  no  symptoms  of  complications  have 
escaped  observation.  The  uuijority  of  sealp  wounds  may  be  ex- 
plored sul^ieiently  without  incision  to  satisfy  oneself  as  to  the  con- 
dition of  the  underlying  skull,  and  when  further  opening  of  the 
sealp  is  necessary  it  is  in  mast  instances  easily  accomplished  under 
lm*al  anesthesia.  The  local  examination  should  be  carried  to  a 
conclusion  satisfactory  to  the  surgeon  and  other  symptoms  of  frac- 
ture of  the  skull  noted  when  prem^nt.  The  ears  and  nose  should 
be  examined  for  hemorrhage  and  the  eyes  examined  as  to  their 
position  and  pupillary  reiietions,  the  conseiousness  of  the  patient 
noted  and  the  deep  reflexes  of  the  two  sides  compared.  In  other 
words,  if  fracture  of  the  skull  is  present  or  suspeetetl  wc  should 
examine  the  patient  for  all  the  symptoms  l>oth  local  and  general 
which  are  known  to  occur  following  fracture  of  the  skull.  (See 
symptoms  of  "Fraeturi^  of  the  Skull/'  page  411.) 

4,  Ciomire  of  ihe  tf^oiMni,— After  the  preceding  three  steps  have 
l>eeD  carried  out  the  wound  should  lie  closed  by  interrupted 
sutures,  [»referaltly  of  silk  worm  gut,  »*xteiiding  down  to  but  not 
penetrating  the  galea.  The  question  of  tlrainage  is  a  difficult  taie 
to  settle  and  nustakcs  are  sometimes  made  by  those  possessing  the 
greatest  experience.  The  greater  the  contusion  or  laceration  the 
greater  the  probability  that  the  wound  will  need  ilrainage.  If  the 
patient  can  be  kept  under  close  observation  following  t)ie  closure 
of  the  wound  it  will  usually  he  unnecessary  to  proviiie  draiimge, 
«ince  pus  can  be  detected  and  evacuated  with  little  ditMculty  should 
it  form  within  the  wound.     If,  however,  the  circumstances  are  such 
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that  the  patient  is  not  seen  for  a  day  or  two  following  the  first 
treatment,  it  is  safer  to  provide  drainage.  When  the  drain  is  em- 
ployed it  should  be  placed  in  the  most  dependent  position  possible 
and  when  necessary  counter-openings  are  to  be  made  through  the 
scalp  and  drains  inserted.  A  rubber  tube  about  the  size  of  a  thin 
lead  pencil,  sewed  into  the  lower  angle  of  the  wound  will  be  found 
a  satisfactory  form  of  drain.  The  wound  may  then  be  covered 
with  gauze  and  a  recurrent  bandage  applied  to  the  head.  When 
the  wound  is  small  the  gauze  dressing  may  be  secured  to  the  shaven 
scalp  by  means  of  collodion. 

After-Treatment. — The  most  important  element  in  the  after- 
treatment  consists  of  the  detection  of  pus  within  the  wound;  the 
case  should  therefore  be  kept  under  close  observation.  The  wound 
should  be  dressed  and  inspe(»ted  at  least  once  in  twenty-four  hours 
during  the  first  week  and  if  pus  is  susi)ected  a  fine  probe,  pre- 
viously sterilized,  in  a  flame,  may  be  i)a8sed  into  one  comer  of 
the  wound  and  the  content,  if  present,  evacuated.  If  pus  does 
develop  during  the  after-treatment,  it  should  be  thoroughly  evacu- 
ated and  oi)ening8  maintained  sufficiently  large  to  allow  free  egress 
of  the  septic  detritus.  An  infected  wound  should  be  freely  drained 
so  that  granulation  tissue  will  fill  it  from  the  bottom.  The  aver- 
age clean  wound  will  be  solidly  healed  in  ten  days  and  the  stitches 
should  be  removed  on  the  eighth  or  ninth  day.  When  the  wound 
is  infected  the  healing  is  nnich  .slower,  sometimes  lasting  for  weeks; 
during  tlic  treatment  of  this  type  of  wound  granulations  may 
be  stimulated  by  the  us(»  of  l>alsam  of  Peru,  and  in  some  eases 
tincture  of  iodine  painted  over  a  foul  granulating  surface  will 
render  it  clean  and  active  in  the  course  of  a  few  days.  The  way 
in  which  iodine  acts  is  uncertain  yet  excellent  results  follow  its  use 
in  selected  cases.  The  application  of  iodine  to  granulation  tissue 
is  quite  different  from  its  use  on  a  fresh  wound,  where  no  special 
resistance  has  been  (lev(»lope(l,  tlie  circulation  of  the  parts  is  not 
intact,  and  tlie  vitality  of  tin*  tissues  reduced  by  trauma.  When 
the  loss  of  tissue  is  such  that  the  scalp  cannot  be  closed  at  the 
first  trratinent,  skin-grafting  should  be  resorted  to  if  the  defect 
is  one  which  eaunot  be  filled  by  granulation  within  the  first  two 
or  three  weeks. 


CHAPTER  XXXI. 
FRACTURES  OF  THE  SKULL. 

The  skull  is  the  bony  protection  of  the  brain  and  when  this  pro- 
tective wall  is  injured  the  brain  is  likely  to  suffer,  at  least  in- 
directly. The  brain  may  suffer  injury  from  penetration  of  the 
vulnerant  body,  by  pressure  from  depressed  fragments,  by  ex- 
posure of  its  substance;  by  concussion,  contusion,  laceration,  in- 
fection and  degenerative  sequelae  such  as  cysts  and  abscesses. 

Fracture  of  the  skull  and  injuries  to  the  brain  are  distinctly 
different  subjects,  yet  the  fre<|uency  with  which  they  are  asso- 
ciated makes  it  necessary  to  consider  them  under  one  heading.  If 
tlie  ])one  lesion  were  all  that  we  had  to  confront  us  in  these  cases 
the  matter  would  be  simple,  but  with  the  addition  of  injury  to  the 
brain  it  becomes  one  of  the  most  complex  (conditions  with  which 
we  have  to  deal.  Any,  all,  or  none  of  the  symptoms  to  be  enu- 
merated nmy  be  present  in  a  given  case  at  the  time  of  examination; 
accordingly  fracture  of  the  skull  may  be  the  easiest  or  the  most 
difficult  of  conditions  to  dia^niosticate.  The  proper  treatment  will 
usually  depend  on  the  proper  diagnosis,  and  a  proper  diagnosis 
often  calls  for  the  most  can^ful  observation  and  consideration  of 
every  symptom  pres(Mit. 

Fracture  of  the  skull  may  he  divided  into  three  gi-oups: 

1.  Those  in  which   n»covery  would  take  place  without  treat- 

ment. 

2.  Iiiunediately  fatal  cases,  and  those  who  live  but  a  few  hours 

(all  treatment  being  futile). 
I].  Those  whose  lives  can  be  saved  or  in  whom  serious  sequelae 
may  be  averted  ])y  proper  treatment. 

The  last  group  is  the  one  to  w^hich  our  attention  is  directed.  It 
is  however  no  simple  matter  to  determine  at  the  time  of  examina- 
tion to  which  group  a  given  case  may  belong.  The  unexpected 
is  more  common  in  head  injuries  than  in  other  fields  of  surgery; 
an    apparently   slight    injury  may   result   in   death    while   a   ca.se 
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presenting  jrrave  symptoms  may  recover.  There  is  no  absolute 
means  of  avoidin^r  mistakes  in  the  diagnosis  and  treatment  of  these 
cases,  yet  careful  observation  combined  with  sound  judgment, — 
the  fruit  of  study  and  experience, — will  reduce  these  mistakes  to 
a  minimum. 

Classification. — Fractures  of  the  skull  have  been  variously  classi- 
fied and  the  terms  used  indicate  the  conditions  without  further 
definition.  We  have  fracture  of  the  vault,  fracture  of  the  base 
and  fractures  involvinj?  both  vault  and  base.  Fractures  of  the 
base  may  be  classified  according  to  the  fossa  involved.  There  are 
fissured  fnictures,  dcpressi'd  fractures,  comminuted  fractures,  etc., 
the  same  terms  being  used  as  are  applied  to  fractures  in  general. 

Surgical  Anatomy. — A  knowledge  of  the  anatomy  of  the  skull 
and  brain  is  essential  to  the  proper  interpretation  of  symptoms  and 
the  administration  of  treatment,  but  the  subject  is  so  extensive  that 
it  will  be  possible  to  consider  briefly  only  the  most  salient  features; 
the  reader  being  referred  to  text-books  on  anatomy  for  more  de- 
tailed accounts. 

Bones  of  the  Skill. — Development. — The  bones  of  the  vault 
(tabular  portion  of  the  occipital,  parietals,  squamo-zj-gomatic  por- 
tions of  the  temporals,  and  the  frontal)  are  ossified  in  membrane 
from  centers  which  appear  at  about  the  end  of  the  second  foetal 
month.  Ossification  beginning  in  the  center  of  a  quadrilateral 
bone  reaches  the  corners  last  and  accordingly  at  birth  we  find  the 
**font;inellrs''  which  represt^it  the  unossified  portions  of  the  bones 
of  the  vault.  These  fontanelles  are  situated  at  the  four  angles  of 
tin-  two  parietal  boiie^  and  are  therefore  six  in  number.  The 
four  hit  era  1  fontanelles  at  the  lower  angles  of  the  parietal  bones 
ar»'  (•1(»s«m1  a  .short  time  after  birth:  the  one  .»^ituated  at  the  junc- 
tion of  th(*  sairittal  and  lambdoid  sutures  closes  within  the  first 
few  months  of  life:  tlu*  one  remaining,  situated  at  the  bregma,  con- 
tinues open  dnrini:  the  first  year.  Although  the  process  of  ossi- 
li«ation  bi-LNus  railier  in  the  vault  of  the  skull  than  in  the  base, 
ntvirtheji'ss,  at  hirth.  the  basi-  is  far  more  completely  ossified  than 
thf  vault.  TliH  liase  is  os.sified  in  cartilage  as  is  the  rest  of  the 
sk^j.'ton.  Wormian  bones  occur  nuxst  frtMjuently  in  the  course 
of  rli»'  ]aiiili.h>i«l  sutun*  but  are  not  unconnnonly  found  in  the 
t'ontaiiell.'<:  th»^  suture  surroundimr  them  may  at  first  sight  be 
ffii-Taken  tnr  a  linear  fraeture  while  exploring  wounds  of  the  scalp. 
In  *:.♦-  ii\i*',\  }][,'  frontal,  parietals  and  txvipital  are  practically  one 
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contiiiuouK  bone  due  to  the  ossification  of  the  sutures  between  them  ■ 
the  basilar  process  is  eoatinuoiis  with  the  body  of  the  siiheiioid 
and  the  lesser  wiu^  of  the  sphenoid  are  continuous  with  the  orbital 
plates  of  the  frontaL  The  lanibdoid  suture  meet^i  the  saj?ittal  suture 
at  a  point  aljout  two  and  a  half  inches  above  the  inion.  The  cen- 
ter of  the  auterior  foutunelle  (the  bregma)  is  at  a  point  about 
one-fourth  inch  anterior  to  a  vertical  line  connecting  the  external 
auditory  meati.  The  intersutural  fibrous  tissue  acts  as  a  linear 
shock  absorber  which  intcrruiits  or  reduces  vihratious  passing 
from  one  cranial  bone  to  another.  The  bones  of  the  skull  are  com- 
posed of  two  layers  of  compact  tissvie  Ivctween  which  is  interposed 
a  layer  of  eaneelloujs  tissue  known  as  the  diploe  or  diploic  layer. 
The  outer  layer  is  heavier,  stronger  and  less  brittle  than  the  inner. 
The  skull  is  by  no  means  of  a  uniform  thickness  throu^diout,  which 
fact  may  be  nicely  demonstrated  by  holding  the  base  of  the  skull 
up  against  the  light  and  noting  the  places  which  are  translucent 
and  those  which  arc  opafpuv.  The  thin  regions  are  produced,  to 
some  cxtentj  by  obliteration  of  the  diploe,  and  these  areas  of  thin- 
ness and  thickness  are  of  importance  in  trephining  and  in  estimat- 
ing the  probability  of  penetration  in  a  given  region.  The  thin 
places  in  the  skull  are  tlie  orbital  plates  of  the  frontal  (supporting 
the  frontal  lobes),  the  squamous  portions  of  the  temporals  (in 
contact  with  the  sphetm-temporal  lobes)  and  the  middle  of  the 
[lostcrior  fossa  below  the  grooves  for  the  lateral  sinuses  (wlucfi 
accommodate  the  cerebellum).  At  any  of  these  places  a  well 
tlirccted  blow  with  a  pen-knife  could  penetrate  the  skull  and  in- 
jure the  brail).  In  contrast  with  the  regions  of  thinness  there  are 
ridges  whicli  act  as  bottrejsses  and  serve  to  strengthen  the  skull. 
Ill  the  vault,  they  arc  situated  as  follown:  the  torus  transversus  oc- 
cipitalis, a  thickening  in  the  booc  extending  laterally  from  the 
external  occipital  protuberanee»  a  median  thickening  of  the  skull 
exti^nding  from  the  glabella  to  the  foramen  magnum  and  corre- 
sfjuiiding  to  the  course  of  the  superior  longitudinal  and  oceiiutal 
sinus,  and  the  temporal  crests  ascending  from  the  external  ang^ilar 
processes  of  the  frontal  to  he  continued  iuio  the  temporal  ridges. 
In  tlie  base  we  have  the  ridges  which  divide  the  region  into  the 
three  fossiv  and  notwithstanding  the  fact  that  they  are  composed 
largely  of  thin,  brittle  compact  tissue,  they  serve  ne%^ertheless  to 
reenforce  this  part  of  the  skidl.  Tbey  are  r  the  petrous  portion  of 
the  temporal  and  the  lesser  wing  of  the  sphenoid.     The  base  of 
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the  petrous  portion  of  the  temporal  is  applied  to  the  skull  in  a 
region  whieh  corresponds  to  the  mastoid  externally  and  aecord- 
ingly  this  part  is  comparatively  strong.  The  foramen  magnum 
is  also  surrounded  by  a  ridge  which  is  a  bifurcation  of  the  internal 
occipital  crest,  the  two  divisions  ascending  anteriorly  to  the  pos- 
terior clinoid  processes.  These  thickenings  in  the  skull  all  have 
more  or  less  tendeiu  y  to  moilify  vibrations  and  hence,  to  stop  or 
divert  lines  of  fra<.*ture. 

The  forainiiia  in  the  bnse  of  the  skull  are  said  to  weaken  it, 
and  are  of  importance  since  the  study  of  their  positions  and  eon- 
tents  will  aid  in  detennininjr  the  location  of  the  fracture.  In  the 
anterior  fossa  we  have  the  cribrifonn  plate  of  the  ethmoid,  the 
thinnest  and  weakest  place  in  the  floor  of  this  fossa.  It  transmits 
the  olfactory-  and  nasal  nerves,  the  latter  passing  through  the  nasal 
slit.  In  the  middle  fossa  we  have  the  sphenoidal  fissure  which 
transmits  the  ner\'es  and  vessels  passing  to  the  orbit:  The  motor 
occuli,  abducens,  patheticus,  the  three  branches  (nasal,  lachrymal 
and  frontal j  of  the  ophthalmic  and  the  sympathetic  nerves  as  they 
I)ass  from  the  walls  of  the  cavernous  sinus  to  the  orbit.  These 
nerves  are  accompanied  by  three  vessels:  The  orbital  branch  of 
the  middle  meningeal  artery,  a  recurrent  branch  of  the  lachrymal 
artery  and  the  ophthalmic  vein.  The  foramen  rotundum  and  ovale 
in  the  same  fossa  transmit  respectively  the  second  and  third 
branch(*s  of  the  fifth  cranial  nerve  together  with  other  structures 
of  minor  importance.  The  middle  meningeal  artery  enters  the 
skull  tlirou«j:h  the  foramen  spinosum  situated  in  the  tij^  of  the 
great  wing  of  the  sphenoid.  Tlirough  the  carotid  canal  we  have 
the  internal  carotid  artery  enterin<r  the  cranial  cavity  accompanied 
by  the  carotid  plexus  of  the  sympathetic,  the  latter  being  con- 
tinued into  the  cavernous  i>]exus-  when  it  reaches  the  side  of  the 
body  of  the  splienoid.  The  foramina  in  the  posterior  fossa  are  the 
foramen  lacerum  posterius  or  jugular  foramen,  the  internal  audi- 
tory meatus,  the  two  condyloid  foramina  and  the  foramen  mag- 
num. The  jui2:ular  foramen  transmits  the  glosso-pharyngeal,  pneu- 
mogastric,  and  spinal-acct^ssory  nerves;  also  the  lateral  and  in- 
ferior petrosal  sinuses  and  a  small  artery.  The  inferior  petrosal 
and  lateral  sinuses  join  to  form  the  internal  jugular  vein  a  short 
distance  outside  the  skull.  The  anterior  condyloid  foramen  trans- 
mits the  twelfth  cranial  nerve  and  occasionally  an  artery,  the 
postt^rior   condyloid   foramen   transmits  a   vein    which   establishes 
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communication  between  the  lateral  sinns  and  the  deep  veins  of  the 
neck.  The  internal  auditory  meatus  transmits  the  facial,  the  audi- 
tor\^  and  the  pars  intermedia  of  Wrisberg,  also  a  branch  from  the 
basilar  artery.  The  gustatory  fibres  of  the  seventh  join  the  nerve 
as  it  enters  the  internal  auditory  canal  and  leave  it  by  way  of  the 
chora  tympani. 

Membranes  op  the  Brain. — The  brain  as  it  lies  within  the  skull 
is  enclosed  within  three  membranes  which  conform  more  or  less 
closely  to  its  surface. 

The  dura,  the  most  superficial  of  the  three,  is  composed  of  tough 
inelastic  tissue  which  acts  as  the  internal  periosteum  of  the  skull 
and  is  richly  supplied  with  blood  vessels.  Most  of  the  nutrition 
of  the  bones  of  the  skull  is  derived  from  vessels  running  in  this 
membrane.  The  dura  is  composed  of  two  layers,  a  superficial  and 
a  deep.  The  superficial,  or  vascular,  layer  acts  as  the  endosteum 
while  the  deep  layer  is  lined  with  endothelium  on  its  deep  surface, 
and  dips  down  between  certain  portions  of  the  brain  to  form 
partitions  and  give  support.  The  dura  as  a  whole  is  more  firmly 
adherent  to  the  skull  in  childhood  and  in  old  age  than  it  is  in  mid- 
dle life ;  it  is  more  firmly  adhereut  at  the  base  and  where  it  crosses 
the  sutures  than  elsewhere.  Sir  Chas.  Bell  has  demonstrated  the 
I)Ossibility  of  separating  the  dura  from  the  bone  without  opening 
the  skull;  ** Strike  the  skull  of  a  subject  with  a  heavy  mallet;  on 
dissecting  you  find  the  dura  mater  to  be  shaken  from  the  skull  at 
the  point  struck.  Repeat  the  experiment  on  another  subject  and 
inject  the  head  minutely  with  size  injection,  and  you  will  find  a 
clot  of  injection  lying  Ix^twixt  the  skull  and  the  dura  mater  at  the 
part  struck,  and  having  an  exact  resemblance  to  the  coagulum 
found  after  violent  blows  on  the  head.'^ 

The  reduplications  of  the  dura  extending  into  the  cranial  cavity 
between  the  main  portions  of  the  brain  are  three  in  number;  be- 
tween the  hemispheres  of  the  cerebrum  we  have  the  falx  cerebri, 
between  the  lobes  of  the  cerebellum  we  have  the  falx  cerebelli,  and 
between  the  cerebellum  and  the  occipital  lobes  of  the  cerebrum 
w(»  have  the  tentorium  cerebelli.  The  venous  sinuses  run  between 
the  layers  of  the  dura  which  go  to  make  up  thei?e  three  infoldings. 
The  tentorium,  like  other  portions  of  the  dura,  is  a  tough,  in- 
elastic membrane  and, — since  its  crescentic  margin  is  firmly  at- 
tached to  the  grooves  on  the  occipital  bone  (the  upper  edge  of  the 
petrous  portions  of  the  temporal  bones  and  the  posterior  clinoid 
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processes), — it  is  more  or  less  liable  to  be  torn  when  the  cranium 
changes  form  during  the  process  of  moulding,  as  it  passes  through 
the  birth  canal.  Intracranial  hemorrhage  may  then  take  place 
from  the  sinuses  running  between  its  layers.  The  falx  cerebri 
serves  to  prevent  the  hemispheres  of  the  cerebrum  from  jostling 
each  other  when  the  head  is  struck  or  moved  quickly,  and  the  falx 
cerebelli  serves  the  same  purpose  for  the  two  halves  of  the  cere- 
bellum. The  tentorium  cerebelli  sustains  the  weight  of  the  occipi- 
tal lobes  and  prevents  them  from  pressing  on  the  cerebellum. 

The  pia  mater  is  a  delicate  membrane  which  invests  the  surface 
of  the  brain,  contains  numerous  small  vessels  which  extend  per- 
pendicularly into  the  substance  of  the  cortex.  This  membrane  dips 
down  into  all  the  sulci,  following  the  surface  of  the  brain  in  every 
detail.  It  also  forms  the  velum  interpositum  and  the  choroid 
plexus. 

The  arachnoid  lies  between  the  dura  and  the  pia,  is  composed  of 
a  loose  areolar  tissue  and  divides  the  space  between  the  dura  and 
pia  into  the  subdural  and  the  subarachnoid  spaces.  The  arachnoid 
dips  into  some  of  the  larger  sulci,  but  resembles  the  dura  in  this 
respect  more  than  the  pia.  The  thickness  of  the  membrane  varies 
considerably  in  different  portions  of  the  brain.  On  the  cerebral 
hemispheres  it  is  thin  and  delicate,  while  the  part  investing  the 
pons  is  heavy  and  much  less  vascular.  The  subarachnoid  space 
(between  the  arachnoid  and  p'm)  is  quite  large  at  the  base  of  the 
brain  and  is  filled  with  cerebrospinal  fluid.  The  subarachnoid  and 
subilural  spaces  connect  with  the  ventricular  cavities  of  the  brain 
through  the  foramen  of  ^lajendie  in  the  posterior  medullarj'  velum 
of  the  fourth  ventricle.  The  cerebrospinal  fluid  by  its  escape  into 
the  spiiuU  spaces  allows  a  certain  amount  of  displacement  of  the 
cranial  content. 

VESSEiiS  OF  THE  ^Iembranes. — The  vessels  running  in  the  dura 
are  often  partially  accommodated  by  grooves  on  the  inner  surface  of 
the  skull,  and  this  intimate  contact  bt^tween  bone  and  vessel  renders 
the  latter  quite  liable  to  injury  when  the  line  of  fracture  traverses 
these  bony  channels.  The  most  important  artery  in  the  dura  is 
the  middle  meninircal.  a  branch  of  the  first  portion  of  the  internal 
maxillary  artery ;  it  gains  entrance  to  the  skull  through  the  fora- 
men spinosum  and  passes  outward  onto  the  internal  surface  of  the 
sipiamous  portion  of  the  temporal,  where  it  divides  into  an  ante- 
rior and  p^>sterior  branch.     The  anterior  branch  passes  outward 
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and  fonvanU  wliilf^  tlit?  eourse  of  tlic  postorior  branch  m  oiitwiirci 
and  bat-kwe^rd.  BtjUi  brt^nehes  are  eontiniied  onto  tlie  inner  sur- 
face of  the  parietal  bone.  There  is  eonsidenible  normal  variation 
in  the  eoiirses  of  these  two  branehcs  after  they  reaeli  the  parietfil 
bone,  and  we  have  no  posjsible  means  of  ascertaining  the  exact 
position  that  they  may  of^eiipy  in  a  given  ease.  The  anterior 
hraneh,  liowi'ver,  will  nsnally  be  found  passiiifr  upward  and 
slightly  l)ackwartl  from  a  point  about  one  and  three  quarters  inehe.-* 
above  the  zygoma  and  one  srnd  a  Iialf  inehes  behind  the  external 
angular   proee«?s  of  thr   fi'ontal   bono.     The   eonrse   of   the   artery 


ift*nA  ftrterv  nnd  liitr'rii]  sinus.  In  thia  i*«i.c  the  posterior  iir;iM.ii  ^lf  (he  ftrtery  is 
flouhV  una  calls  allention  <o  tb<*  ffefiiir'iiry  wilh  which  anonmlu-.  oirgr  in  thp  coiimp 
ftncl  iliNtribiiiion  of  this  vessel.  A  sludj^  of  thw  ve«hel  and  its  anomalies  will  point 
out  the  ndviintnges  of  th^  oHfuopIiijitte  methoci  wf  openinsr  tho  akuU  a«  coropared  with 
trephininur.    for    the   nvmcval   of   rtots. 


from  this  point  is  iirarly  paralfi'l  t<»  thi*  coronnl  suture,  nunung 
from  orje  half  to  tliree  quarters  of  an  inch  behind  it,  A  trephine 
opt^rdng  with  its  center  about  nm^  inch  above  tbe  external  auditory 
meatus  will  exjm.se  the  posterior  branch  of  tbe  middle  menini:caK 
In  trephining  in  this  region  it  should  he  remembered  that  the  sknil 
m  thin,  the  internal  surfacr*  irn^^'uhir  and  that  the  anterior  hran<';h 
of  the  middle  meninjjeal  ( especially  in  the  region  of  the  pterion) 
may  ran  in  a  complete  bony  canal  instead  of  a  groove.  Krordein's 
diagram  drives  the  tliree  most  fret|nent  sites  for  tlie  location  of 
clots  following  lieniorrhage  from  this  artery.  The  diagnosis  of  the 
position  of  these  elots  is  often  difficulty  sometimes  impossible.     The 
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niOHt  Siitisfartory  tiirthod  Uhh  Wrn  foiiiid  m  tlu^  ostiH>plHsfic*  flap 
which  export's  eiiou^^h  of  the  brain  to  .satisfai^tonly  explore  its  .sur- 
face without  missing  the  site  of  hemorrhage.  Meningeal  henior- 
rhasxe  may  take  plaee  from  some  of  the  smaller  meningeal  arteries 
and  oeenpy  regions  in  the  frontal  or  oreipital  IoIn^s,  A  eommon 
form  of  meiiinrreal  hemorrhage  m  that  arising  from  small  veins. 
A  linear  fraetnre  inav  divide  small  v*^ins,  and  the  resulting  hemor- 


Wig.   516.— View  of  rifcitt  ^^li^  of  itiU^riar  of  huhe  of  hkul)  ]<;1if«win$c  the  courtM  of  the 
tli  metimgfAl  aTtery  and  laleml  »mu^. 


rhage,  though  slow,  not  infrequently  forma  a  large  eoagulum. 
In  this  form  of  hemorrhage  the  symptoms  are  slow  in  developing 
beeause  it  takes  a  inmdjer  of  Imurs  for  the  elot  to  assume  suftieient 
size  to  eause  distiirham'i'.  In  addition  to  the  middle  meningeal 
arter>%  there  are  also  other  meningeal  arteries  of  smaller  size. 
They  are  the  thn^'  meningeals  frotu  the  ascending  pharyngeal: — 
the  anterior  meningeal  from  tlie  internal  earutid,  the  ]msterior 
froni    the   vertebral,  and   the  small   meningeal    from   the  internal 
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maxillary.     These  arteries,  however,  aiv  cill  of  siiihU  size  and  rar*4y 
the  eanse  of  hemon'hap:e. 

Inthackanial  Sintsrs. — Tlie  most  eonniion  Kite  of  rjn'oinj/eal 
hemorrhage,  after  the  middle  meningeal  artery,  is  the  lateral  sinus* 
The  walls  of  the  simises  are  formed  by  a  splitting  of  the  dura  and 
are  lined  by  an  endothelial  layer  which  is  eontinuous  with  the 
lininjj:  menihnnie  of  tlie  veins.  8inii»es  may  be  the  site  of  throm- 
liosis  ami  suppuration  and  when  rriptiired  result  in  intraeranial 
hemorrhage;  they  should  be  siieeially  avoided  when  trephining'  the 
skull.  The  superior  loiij^itudinal  siruia  corresponds  to  a  line 
drawn  from  the  trlabella  to  the  iniou.  A  line  drawn  from  the  inion 
to  H  point  one  and  a  half  imdies  above  tfie  external  auditory  meatus 
will  eorrespoiid  to  the  hi^ihest  part  of  the  lateral  sinus  where  it 
erosst*s  the  lambdoid  suture.  The  lateral  sinus  then  curves  down- 
ward ami  forwai'd  running  on  the  intei'nal  surface  of  the  mastoid 
portion  of  the  tetaporab  It  is  joined  by  the  superior  petrosal 
sinus  at  the  posterior  end  of  the  ujiper  border  of  petrous  portion 
of  the  temporal  and  liy  the  inferior  pi'trosal  siims  just  below  the 
jm^nlar  foramen  afler  the  twtt  sinuses  bavo  passed  out  of  the  skull. 
The  two  cavernous  sinuses  situated  on  either  side  of  the  eella. 
Tureiea  drain  the  ophlhjdfiiic  vein^  anastomose  with  eaeh  other 
through  the  cireular  and  transverse  sinuses  and  are  themselves 
ib'ained  into  the  lateral  sinuses  by  means  of  the  petrosal  sinuses,' 
A  line  drawn  perpendictdar  to  the  surface  of  the  bone  just  below  i 
tile  inion,  if  projeeteil  iiifo  the  skull,  would  correspond  to  the 
course  of  the  straight  sinus.  The  straiirht  sinus  drains  the  veuns 
of  Oalen  and  the  infiu'ior  longitudinal  sifius  which  runs  in  the 
lower  border  of  the  falx  cerebri.  Tlie  blood  froiu  the  straight 
sinus  is  drained  l>y  one  of  the  latcrfd  sinuses  aftrr  having  been 
emptied  into  torcular  Jlerophili.  The  occipital  is  formed  by  the 
two  margiinil  sinuses  wliieh  connect  with  the  sigmoid  portion  of 
the  laferal  sinus;  it  paascs  n[)waiYl  ami  empties  into  the  lateral 
siiujs,  the  straiLrht  siruis  or  the  toreular  Ilcropbili;  it  establishes 
connection  with  the  deep  veins  of  the  neek  through  the  foramen 
magnum.  The  origin,  eourse  and  exit  from  the  skull  of  the  twelve 
cranial  nerves  is  of  importance  in  diagnosis  bul  the  reader  will  be 
referred,  for  this  detail,  to  text-books  on  the  sidtject. 

LesioTJS  of  dift'ereTd  poi-tious  of  the  liraiu  will  give  d liferent 
symptoms  aceor<linjr  to  the  function  of  tfie  region  injured.  We 
may  divide  local  irjjuries  of  the  brain  into  injurif%s  of  the  cortical 
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(*vu\i^rn  rirnl  \h**ir  tnu'tfi,  nm}  injiirii's  of  the  base.    Far  praieiical 
ltm\ntm'h  wv  mny  rJividt*  I  Ik*  rortex  into  motor  areas,  sensory  ir^^ns. 


Fii^.  M7. — M\,  MUliiaiiit  of  najiD  inicin'if  line;  L,X.,  Poirier'A  line  and  rorrpapond* 
in  Hvlvinn  fluiiijry,  IS.,  Korhvr'tn  i-f|n»l<iriiil  line  fronr  nftsion  to  inion;  A.B,.  Ci«>rtnftn 
hn««''1lno  «tM)  piiii»c>fi  through  inferior  cdj^e  of  orbit  snd  upper  border  of  externa] 
iiiii][li»r>'   nir'Aliiii. 

Kiif.  f>1H — M,,  I,.\'.  and  /  ,V.  siiinfr  nn  in  Ki|r.  fil7,  A  line  dmwn  forward  and 
dnwnwwrd  Mt  nn  rtdpflf*  "f  ft'T  from  iiu^dinn  pliinp  in  known  uji  Korher's  anterior 
ititvryiittii  I* lid  llri*  over  iiin*rontrHl  ciknvHliiiinn,  Ko<*her's  posterior  nK^ridlaa  ia  drawn 
dtiwiiwnrd    iind   biirkwtird   (M)   from   tbe   mt^diNn   plnnr. 

Klir  .MU,  -Dnttwl  arftan  c«rr«*iipiin4  tn  ihe  inout  frentinent  »it€^  of  meningeal  henior- 
rbiifr. 

Kiif.   fi'JO       I'ortirnI   ( Icrw. 

nnit  n  inimbrr  of  sornllr*!  silrnt  aroas.  The  eortex  of  the  brain 
is  vum\Hmi\\  of  ^:ni.v  mnltcr  which  in  most  regions  is  disposed  in 
Ave  label's.     Axia-cyliiiders  from  the  ceils  of  this  gray  matter  es- 
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tablij^li  eomminiieation  bf4uTeii  tliiTerent  portions  of  tlie  oortex 
antl  liptween  the  cortex  and  the  lower  centers  situated  in  the  base 
of  the  brain  and  in  the  cord.  The  function  of  the  cortex  of  the 
brain  is  to  ri^prister  memories  of  past  experiences.  Under  certain 
conditions  these  centers  are  stimulated  and  have  the  capacity  of 
reproducing  the  events  which  they  have  refristered*  Thus  stimu- 
lation of  the  occipital  lol)e  trives  us  the  nipuiory  of  sights  seen, 
stimulation  of  tlie  teraporo- sphenoidal  lohe  gives  lis  the  memories 
of  sounds  heard,  stimulation  of  the  motor  area  gives  us  the  mem- 
ories of  acts  iicrforined.  It  is  therefore  necessary  to  know  what 
part  of  the  cortex  registers  certain  experiences  in  order  that  we 
may  be  able  to  tell  just  what  s>Tnptoms  would  he  produced  by 
injury  of  a  given  part  of  the  brain.  Conversely,  this  kjiowledge 
having  been  obtained  we  may  be  able  to  state  what  part  of  the 
brain  has  been  injured  from  the  observation  of  certain  symptoms. 
The  cortex  as  has  been  said  is  divided  into  certain  so-called  cen- 
ters. The  frontal  area  is  concerned  with  conscious  selective  action, 
the  Roland ic  area  with  motor  memories  and  the  reproduction  of 
these  memories  which  results  in  voluntary  motion,  while  the  spinal 
level  is  concerned  with  reflex  and  vegetative  automatism.  Experi- 
ment on  lower  animals  and  observation  of  diseased  and  traumatic 
conditions  in  the  human  being  have  determined  the  function  of 
many  regions  of  the  cortex,  but  there  are  still  many  areas  the 
fund  ion  of  wliitdi  remains  unknown.  For  obvious  reasons  the 
more  complex  and  the  higher  the  function  of  a  given  area,  the 
more  difficult  it  becomes  to  ascertain  the  nature  of  that  function. 
The  occipital  lobe  on  either  side  of  the  calcariue  fissure  is  con- 
cerned witli  the  memories  of  sights  seen ;  the  temporo-splienoidal, 
espeeially  the  left,  with  the  memory  of  sounds  heard  and  muscular 
memories;  the  left  angular  gyrus  with  the  memory  of  written 
speech;  the  posterior  part  of  the  frontal  lobe  with  the  memory  of 
printed  speech;  and  the  third  frontal  convolution  on  the  left  side 
is  concci'ued  with  the  memory  of  spoken  speech.  ?>tereognostic 
pmiBe  is  located  in  the  parietal  lobe.  The  centers  in  the  Rolandic 
sensori-motor  area  are  disposed  inversely  fi.  e.,  the  centers  for  the 
head  are  b<plnw  those  for  the  upper  extremity,  etc.).  The  centers 
for  the  lower  extremity  extend  onto  the  mesial  surface  of  the 
hemisphere.  Fraeturc  of  the  vault  may  injure  one  or  more  of 
these  areas.  If  the  injury  is  slight,  and  the  center  is  not  de- 
stroyed, the  lesion  is  said  to  be  irritative  and  the  center  overacts. 
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If  the  lesion  is  more  serious  and  the  center  is  destroyed  the  func- 
tion of  that  center  is  lost.  Thus  if  the  Rolandic  area  is  irritated, 
the  regions  of  the  body  supplied  by  the  corresponding  centers  are 
thrown  into  unwonted  activity  or  spasm;  but  if  the  lesion  is  more 
severe,  function  of  the  center  is  lost.  This  results  in  loss  of  mem- 
ory for  muscular  movements  and  consequently  they  cannot  be 
voluntarily  reproduced.  If  Broca's  convolution  is  destroyed,  the 
memory  for  the  acts  connected  with  motor  speech  is  lost  And  con- 
sequently the  movements  of  motor  speech  cannot  be  reproduced. 
Of  recent  years,  however,  there  has  been  some  doubt  as  to  the 
function  of  Broca's  convolution,  and  it  is  not  now  thought  to  be 
so  essential  to  speech  as  formerly. 

If  the  lesion  penetrates  below  the  cortex,  the  fibres  which  asso- 
ciate these  centers  may  be  lacerated  and  the  normal  communica- 
tion between  centers  is  interfered  with.  Thus  a  given  center  can- 
not be  stimulated,  as  in  the  normal  person,  by  the  activities  of  an 
associated  center.  If  a  center  concerned  with  speech  is  destroyed 
and  the  function  of  that  part  of  the  cortex  lost  the  patient  is  said 
to  suffer  from  aj>hasia.  If  the  fibres  connecting  a  given  cortical 
center  with  some  other  cortical  center  are  lacerated  the  patient  is 
said  to  suffer  from  intercortical  aphasia.  If  the  center  destroyed 
is  concerned  with  motor  memories  the  patient  has  motor  aphasia. 
If  the  centers  concerned  witli  rejxistering  purely  sensory  ideas  are 
destroyed  tlie  patient  lias  sensory  aphasia. 

The  base  of  tlio  })rain  also  has  centers  distributed  through  its 
substance  which  preside  over  various  important  functions  of  a 
lower  onh'r  than  those  found  in  the  cortex.  These  centers  have 
running  throujjrh  tlieni  fibres  from  the  cortex  of  the  brain,  so  that, 
in  case  of  injury,  we  have  not  only  symptoms  of  lesions  in  these 
lower  centers  but  also  symptoms  of  interruptions  of  impulses  from 
the  cortex. 

In  the  anterior  fossa  we  hav(»  the  center  for  smell  situated  in 
the  olfactory  lobe.  In  the  middle*  fossa  we  have  the  optic  thala- 
mus, the  corpora  (luadrigeniina,  and  the  cms.  The  optic  thalamus 
is  concerned  with  (^motional  facial  expression  and  lesions  of  this 
body  may  give  rise  to  athetosis  or  incoordination  of  the  paralyzed 
hand  and  ])ain  in  the  paralyzed  limb.  The  anterior  corpora  quad- 
rigcMiiina  are  assoriated  with  motion  of  the  eyeballs  and  acuity  of 
vision,  the  posterior  corpora  quadrigemina  are  related  to  hearing 
and  equilibration.     The  eras  contains  the  nucleus  of  the  third  and 
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fourth  nerves  and  longitudinal  fibres  passing  from  the  cerebral 
cortex  to  the  spinal  cord.  Lesions  of  this  body  give  a  character- 
istic set  of  symptoms  in  accordance  with  the  nuclei  and  fibres 
contained  within  it:  paralysis  of  the  third  and  fourtli  nerves  will 
deprive  all  the  muscles  of  the  eye  of  their  nerve  supply  except  the 
external  rectus;  injury  to  the  longitudinal  fibres  may  cause  hemi- 
plegia of  the  opposite  side  and  hemianopsia  may  be  present  if  the 
adjacent  optic  tract  is  injured  by  pressure.  If  both  crura  are 
damaged  we  have  a  double  hemiplegia  with  paralysis  of  the  third 
and  fourth  nerves  on  both  sides,  and  in  some  instances  optic  neu- 
ritis. In  the  pons  we  have  a  continuation  of  the  longitudinal 
fibres  of  the  crura,  the  thermogenic  center,  and  the  nuclei  of  the 
fifth,  sixth,  and  seventh  cranial  nerves.  Injury  to  the  fibres  of 
the  crura  a-s  they  pass  through  the  pons  may  produce  hemiplegia, 
disturbance  of  the  thermogenic  center,  extremely  high  tempera- 
ture, and  injury  to  the  three  cranial  nerve  nuclei  will  be  followed 
by  symptoms  peculiar  to  each  nerve.  Injury  to  the  nucleus  with 
loss  of  function  in  each  nrrve  will  1h^  as  follows:  for  the  fifth, 
hemifacial  anesthesia  with  paralysis  ot*  the  muscles  of  mastication; 
for  the  sixth,  paralysis  of  the  external  rectus  of  the  eye;  and  for 
the  seventh,  motor  paralysis  of  the  muscles  of  the  face.  Bilateral 
symptoms  will  be  present  if  the  lesion  involves  both  sides  of  the 
pons. 

The  usual  anatomical  division  of  the  bulb  into  pons  and  medulla 
is  purely  artificial.  For  |)ractical  surgical  purposes  they  should 
be  considered  together. 

The  medulla  resembles  the  pons  and  crura  in  containing  longi- 
tudinal fibres  from  the  cortex  together  with  cranial  nerve  nuclei. 
The  characteristic  symptoms  of  lesions  of  the  medulla  will  depend 
on  the  nuclei  which  it  contain.s.  In  the  upper  border  of  the 
medulla  is  the  nucleus  of  the  eighth  cranial  nerve  which  also  pro- 
jects into  the  pons;  in  the  lower  half  of  the  floor  of  the  fourth 
ventricle  we  have  the  nuclei  of  the  ninth,  tenth,  and  eleventh 
cranial  nerves  and  at  a  slightly  lower  level  is  found  the  nucleus 
of  the  twelfth.  The  vomiting  center,  the  vaso-motor  center  and 
numerous  other  centers  governing  various  functions  in  the  body 
are  situated  in  the  bulb,  but  as  yet  too  little  is  accurately  known 
concerning  them  to  be  of  considerable  surgical  value. 

Further  back  in  the  posterior  fossa  we  have  the  cerebellum 
which  is  concerned  in  coiirdinating  the  various  muscular  activities 
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of  th#j  body  and  in  the  complex  process  of  equilibration.  Another 
funt^tion  of  the  cerebellum  consists  in  the  peculiar  power  of  im- 
parting the  proper  degree  of  force  to  muscular  movements.  In- 
jury to  the  cerebellum  may  g:ive  rise  to  cerebellar  ataxia,  obstinate 
proj«f<rtile  vomiting,  and  various  forms  of  paralyses  and  anes- 
theniaK.  The  association  of  the  cerebellum  with  the  pons,  medulla, 
basal  ganglia  and  cortex  is  so  complete  that  it  is  difficult  to  deter- 
mine the  source  of  these  varied  symptoms. 

The  foregoing  enumeration  is  by  no  means  complete  as  regards 
lo<^:ation  and  function  of  the  cortical  centers  and  basal  ganglia; 
there  is  still  considerable  dispute  concerning  the  functions  of  these 
centers  and  there  are  numerous  other  centers  which  as  yet  remain 
with  functions  unknown.  There  are  many  symptoms  occurring  in 
head  injuries  which  could  be  properly  explained  if  we  knew  more 
of  the  anatomy  and  physiology  of  the  brain,  but  for  the  present 
the  description  given  will  be  found  of  service  in  roughly  deter- 
mining the  seat  of  injury  in  fracture  of  the  skull. 

Etiology. — Trauma  is  the  cause  of  fracture  of  the  skull  but  theN 
nature  and  the  degree  of  violence  are  so  extremely  variable  that' 
the  resultant  conditions  show  the  greatest  differences  in  details 
The  trauma  may  be  sustained  over  a  small  or  large  area  of  the 
skull;  the  vulnerant  body  may  travel  at  a  high  rate  of  speed  (bul- 
let) or  at  a  slow  rate  (club)  ;  the  violence  may  be  direct  or  it  may 
be  transmitted  through  the  spinal  column  or  inferior  maxilla. 
The  viohMice  may  be  circumscribed  or  the  head  may  be  squeezed 
or  cruslunl  between  heavy  objects. 

Fracture  of  the  skull  constitutes  from  four  to  six  percent  of  all 
friK'turcH  and  possibly  more,  since  we  are  learning  of  recent  years 
tliat  tlie  mihh^r  forms  of  the  condition  have  only  too  frequently 
gont^  unrecognized  in  the  past.  Statistics  are  specially  misleading 
in  this  particular  injury,  for  the  following  reasons:  in  the  first 
place  the  most  severe  cases  never  reach  the  hospital  because  of 
immediate  death,  and  stH'ondly  the  condition  is  frequently  asso- 
ciated^ and  confused  with  otlier  injuries;  thirdly,  the  milder  cases 
are  often  successfully  treated  at  home,  and  in  many  cases  are  not 
elassilied  as  fractures  because  of  mistaken  diagnoses.  For  these 
reasons  li^rures  derived  from  a  service  such  as  the  police  surgeon's 
will  conn*  nearer  the  truth,  since  it  includes  all  classes  of  fractures 
ranjxintr  tVom  the  mildest  to  those  immediately  fatal.  Occupation 
is  an  important  element  in  the  etioloiry.     Fracture  of  the  skull  is 


FRACTURES  OP   THE  SKULL  405 

most  frequently  found  in  the  male  and  in  middle  life.  The  skull 
in  the  aged  is  much  more  easily  fractured  than  that  of  the  person 
in  middle  life,  but  on  the  other  hand  those  advanced  in  years  are 
not  so  exposed  to  injury. 

Mechanism  and  Pathology. — The  various  ways  in  which  the  skull 
is  broken,  the  manner  in  which  fragments  are  displaced,  and  the 
region  of  the  cranium  involved  have  all  beeli  subjects  of  careful 
investigation,  and  terms,  to  designate  the  peculiarities  of  the  con- 
ditions, have  been  applied.  Before  considering  the  mechanism  of 
these  fractures,  it  is  necessary  to  again  refer  to  the  anatomy  with 
respect  to  the  peculiar  formations  of  the  vault  and  base.  The 
structure  of  the  skull  is  peculiar  to  itself  and  any  attempt  to  liken 
the  manner  in  which  it  breaks  to  that  of  other  objects  can  at  best 
be  but  incomplete.  Circumscribed  blows  upon  the  vault  of  the 
skull  commonly  produce  a  local  depressed  fracture  with  or  without 
injury  to  the  underlying  structures.  A  more  extreme  blow  or 
squeezing  of  the  skull  will  result  in  fissures  (with  or  without  de- 
pression) which  are  prone  to  extend  towards  and  involve  the  base. 
A  certain  degree  of  trauma  can  be  withstood  by  the  vault  without 
apparent  injury,  the  shock  being  absorbed  by  the  natural  elas- 
ticity of  the  bone.  If  the  trauma  be  a  little  greater,  and.thfijskulL 
bent  inward  suflficientlv.  ihr  Ttitpmai  fnhio  may  gjxt^fl'^jj^^^  tV^ 
have  a  fracture  of  thejnner  table  alone;  a  condition  frequently 
described_inJ:iixtj)Qoks^  but  iiarely-jftcon  in  praciliic.-,  A  stiU  greater 
trauma  results  in  dissolution  of  continuity  of  the  entire  thickness 
of  the  bone.  On  the  other  hand  a  blow  from  a  sharp  cutting  in- 
strument may  fracture  the  oiifeFTahle  wTiile  the  inner  table  re- 
mafns  intact."^ Tlie  skiill  may  le  fractured  by  "l)ending'*  or  by 
** bursting.''  When  violence  is  applied  to  the  skull  in  a  circum- 
scribed region  the  immediate  site  of  injury  is  *'bent"  inward  with 
resultant  local  fracture  which  is  said  to  be  ** fracture  by  bending.'' 
When  the  violence  is  applied  over  a  larger  area  and  more  slowly, 
lines  of  fracture  may  be  found  radiating  from  the  site  of  impact,  i 
often  involving  the  base.  The  action  may  be  likened  to  the  break-  ! 
ing  of  a  nut  in  a  nut-cracker.  This  form  of  fracture  is  spoken 
of  as  **fracture  by  bursting";  the  most  striking  examples  of  which 
are  seen  in  instances  in  which  the  head  has  been  caught  and 
crushed  between  two  heavy  objects.  We  often  have  evidences  of  . 
both  the  bending  and  bursting  action  in  a  given  case.  If  the  skull 
were  of  a  uniform  thickness  throughout,  the  mechanism  would  be 
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much  easier  to  determine.     As  it  is  we  find  the  peculiarities  in 
the  structure  of  the  skull  directly  influence  the  directions  which 
fissures  take.    When  fractures  of  the  vault,  between  the  frontal 
and  parietal  eminences,  involve  the  base  they  are  frequently  ac- 
companied  by  fissures  extending   into   the   middle  fossa.     When 
fractures  posterior  to  the  parietal  eminence  are  accompanied  by 
basal  fissures  th(\v  usually  extend  into  the  posterior  fossa  and  in 
like  manner  those  anterior  to  the  frontal  eminence  involve  the 
anterior  fossa.     In  gunshot  wounds,  especially  when  produced  by 
the  modem  high-pressure  bullet,  the  skull  sometimes  presents  what 
would  seem  to  be  an  explosive  effect  similar  to  that  produced  by 
shooting  through  a  barrel  filled  with  water.     The  nature  of  the 
vulnerant  body  is  an  extremely  important  element,  for  example; 
the  completely  jacketed  high-velocity  rifle  ball  will  usually  pene- 
trate cleanly,  is  not  prone  to  carry  in  any  extraneous  materials, 
and  the  wound  is   frequently  sterile   throughout.     On  the   other 
hand  a  blow  from  a  hammer  besides  driving  a  portion  of  the  bone 
into  the  brain  will  frequently  be  found  to  have  carried  in  hair, 
dirt,   or   felt,   and   the  wound   is  therefore   nuich   more  liable   to 
infection.     Fracture  by  cont recoup  has  been  the  subject  of  much 
discussion  and  although  it  may  be  possible  for  fracture  to  occur 
at  the  opposite  pole  of  the  head  as  a  result  of  the  meeting  of 
vibrations,  yet  its  occurrence  has  been,  to  say  the  least,  greatly 
exaggerat(»(l.     Most    of    the    so-called    contrecoup    fractures    will 
upon  further  investigation  be  found  to  be  fractures  by  bursting 
or  the  n^sult  of  a  se('ond  blow  on  the  head.     For  example:  a  man 
.suHtnins  a   hlow  on  the  forehead  fracturing  the  anterior  part  of 
tin*  skiili,  falls  liravily  to  flic  sidewalk  and  strikes  the  back  of  his  , 
head,    pF-odiicinir   a  second    fracture   in   the  occipital   region;   this* 
second    fracture    is    not    infre(inently    considered    a    fracture    by 
contn*coii|)  when  in  reality  it  is  but  the  result  of  a  second  blow. 
The  <iiitliri(^  and  position  assumed  by  depressed  fragments  will  cor- 
respond, more  or  less,  to  tli(»  shape  of  that  portion  of  the  vulnerant 
body    wliicli    lias    jjroduced    the    fracture.     The    terms   **gutter,*' 
"jjond,"  etc.,  are  used  to  indieat<^  the  position  of  the  fragments. 
When  tile  fragment  is  depressed  and  only  partiall}'  detached  from 
the  remainder  of  the  skull,  the  unbroken  bridge  of  bone  connecting 
rhe  fra^Miient  may  impart  sufilcient  spring  to  the  depressed  portion 
to  pinch  and  securely  hold  extraneous  materials  such  as  hair  and 
fcjt.     The   injuries  inllicted  by  missiles  vary  with  the  nature  of 
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the  projectile,  and  the  weapon  from  which  fired.  The  lead  ball 
from  an  ordinary  32  caliber  revolver  produces  considerable  dam- 
age at  the  point  of  entrance,  and  very  commonly  remains  within 
the  skull,  even  when  fired  at  close  range.  A  38  or  44  caliber  is 
much  more  likely  to  pass  through  the  skull.  The  partially  jack- 
eted or  mushroom  bullet  usually  passes  through  the  head  with 
more  or  less  shattering  of  bone  at  the  wound  of  entrance,  and 
extreme  damage,  comminution  and  laceration  at  the  wound  of  exit. 
The  completely  jacketed  higli-velocity  projectile,  such  as  used  in 
the  army,  may  penetrate  the  head  with  a  minimum  amount  of 
trauma;  the  wound  of  entrance  is  small  and  clean  cut,  the  wound 
of  exit  is  only  a  trifle  larger.  Any  projectile  either  low  or  high 
in  velocity  is  likely  to  produce  extensive  comminution  when  the 
skull  is  struck  a  glancing  blow. 

Symptoms  of  Concussion,  Contusion,  Lsrceration  and  Com- 
pression.— The  symptoms  accompanying  fracture  of  the  skull  are 
firstly,  those  of  the  fracture  itself  and  secondly,  those  result- 
ing from  injury  to  the  encephalon,  which  may  be  either  general 
or  localizing.  They  will  depend  upon  the  extent,  nature  and  posi- 
tion of  the  injury  sustained  by  the  braiiL  Symptoms  of  fracture 
are  often  ver>'  meager,  and  of  little  importance  aside  from  the 
concomitant  brain  injury.  Before  entering  upon  the  symptoms 
occurring  in  connection  with  fractures  of  tlie  skull  and  injuries 
to  the  brain,  it  will  be  necessary  to  consider  a  group  of  conditions 
which  occurs  either  with  or  without  fracture,  namely, — concussion, 
contusion,  laceration  and  compression.  At  least  one  and  some- 
times all  of  these  four  conditions  are  associated  with  fracture  of 
the  skull,  but  the  fact  that  it  is  possible  for  them  to  be  present 
without  accompanying  injury  of  the  bone  renders  the  diagnosis 
of  fracture  of  the  skull  more  difTficult.  Concussion  and  contusion 
of  the  brain  are  really  tin*  same  condition,  the  dillVrence  being  one 
of  degree. 

Concussion  consists  of  a  jarring  of  the  brain-substance  which 
results  from  rapidly  putting  the  head  into  motion,  as  by  a  blow; 
or  by  suddenly  stopping  it  while  in  motion,  as  in  a  fall.  The 
symptoms  of  concussion  will  vary  with  the  severity  of  the  injury. 
When  slight,  the  patient  is  momentarily  dazed,  develops  more  or 
less  of  a  headache  and  may  suffer  from  vertigo  and  nausea.  When 
the  jarring  of  the  brain -sulistance  is  more  severe,  the  patient  be- 
comes unconscious,  with  general  muscular  relaxation  and  a  cold 
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dainniy  skin.     Tliere  may  be  loss  of  sphineteric  control  at  the  time 
of  the  aeeident,  later  on  the  sphincters  may  fail  in  reaction,  with 
resultant  overdistention  of  the  bladder  and  bowels.     There  is  gen- 
t»ral  systemic  depression,  the  pulse  is  weak  and  thready ;  the  pupils 
are,  as  a  rule,  e(iual,  with  a  tendency  towards  dilatation.     Reaction 
to  li^ht  is  present  though  sluggish.     The  patient  recovers  gradu- 
ally from  the  unconscious  state,  requiring  some  hours,  in  severe 
eases,  before  complete  consciousness  and  good  judgment  are  re- 
stored.    As  the  patient  recovers  he  is  prone  to  ask  many  questions, 
which  aiv  usually  concerning  his  whereabouts,  the  nature  of  the 
aivident.  etc.     The  manner  in  which  these  questions  are  put  and 
repeated  is  most  characteristic  of  the  condition.     For  instance,  he 
nuiy  ask  where  he  is;  then  what  happened  to  him,  how  it  hap- 
pened; and  where  some  companion  may  be.     These  questions  are 
as  n  rule  slowly  repeated  in  the  same  order,  regardless  of  the  fact 
that  tlu\v  may   have  been  repeatedly  answered.     It  is  a  peculiar 
fact  that  with  the  Ux^s  of  memory  for  the  accident  and  the  subse- 
quent unconsciousness,  there  is  also  the  loss  of  memory  for  events 
inuuediately    preceding  the  accident.     This  loss  of  memory  pre- 
eiHlinv:  tlu»  accident  will  cover  a  period  proportionate  to  the  sever- 
it\  of  the  concussion,  sometimes  many  hours,  days  or  even  months. 
As  memorv   returns,  this  blank  space  is  lessened  from  both  ends 
until,   with   complete   recovery,   the  patient  is  able  to  remember 
everMhinir  that   iHvurred  outside  the  period  of  coma.     With  re- 
tunnuvi  conseiousness  the  patient  is  often  able  to  state  his  name 
lH'f\»re  \\  IS  p<>ssibK»  for  him  to  recollect  anything  else.     It  will  be 
sonu'  tiMio   \i\\vv  before  he  is  capable  of  answering  questions  in- 
\oi\mxj  muuhers.  such  as  his  address,  date  of  the  month,  etc.     It 
u  uuporUMUt   ill  this  reu:ard  to  see  to  it  that  the  patient  has  fully 
reo,inn»'d  his  liood  judi^ment  as  well  as  his  consciousness,  since  seri- 
ous ronsetjueniM's  lujiy  ensue  if  lie  be  allowed  to  go  about  his  busi- 
nesN  unattended.     For  example,  lie  may  be  able  to  state  his  name, 
«j\e  his  oeeii|)}ition,  tell  what  business  he  was  about  when  injured, 
rlr  ,  Mild   Net   if  reh'Msed  may  he  unable  to  find  his  way  home  or 
mM,\    |M  rfiHiii  some  aet  eojitrary  to  good  jiulgment  before  he  has 
ihoroiiehl.N    regained  his  mental  balance  and  is  himself  again.     It 
1*1  iheiefore  wise  to  keep  him  under  observation  for  at  least  a  few 
honiM  roHowim'.  the  accident. 

f  ,Mi/f/Nn'/<      Contusion  as  previously  stated  is  but  a  more  severe 
ilr^'iee  ol  concussion  and  accordingly  we  find  the  symptoms  of  con- 
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eussion  present  in  exaggerated  form.  Pathologinally  there  is  this 
ditfereiice  between  eoneussion  and  eontiisioti:  coMeussioii  shows  no 
eharactemtie  post-mortem  findings,  while  contusion  frequently 
shows  minute  punctate  hemorrhages  throug^hout  the  substance  of 
the  brain.  Like  concussion  tiiere  will  be  unconsciousness,  prostra- 
tion, disturbances  in  sphincteric  control,  eohl  elanmiy  skin,  weak 
thready  pulse,  ete.  The  unconscious  period  is  prolonged  and  re- 
eovery  protractedj  so  that  the  condition  may  cover  a  period  of 
weebt  or  even  longer.  Recovery  from  uneonseiousness  is  slower, 
and  in  rare  instances  the  condition  may  be  followed  by  mania  end- 
ing in  recover^',  death  or  dementia.  Protracted  and  S4n'ere  head- 
ache  is  not  nneommon  and  vomiting  is  often  pcrsi-stent.  During 
semiconsciousness,  headache  is  evidenced  by  the  patient  putting 
his  hand  to  liis  hi^ad  and  hi1er  when  able  to  talk  he  complains  of 
the  pain.  It'  the  intraeraniid  disturbauce  is  severe  enough  to  be 
irritative,  one  or  both  iJiijuls  may  show  contraction,  aeeording  to 
the  eerebral  regions  involved.  During  recovery;  which  is  gradual, 
the  [uitient  may  develop  an  active  delirium  and  if  not  restrained 
may  leave  his  bed  and  wander  about  aimlessly.  During  this  serai* 
eonsi'ious  (>eriod  he  often  assumes  a  perverse,  obstinate,  mental 
attitude  which  renders  nursing  dinienlt  and  sometimes  even  dan- 
gerous. In  extreme  cases  the  patient  may  pass  into  a  typhoid 
state  witli  sordes,  coated  tongue,  spliineteric  disturbances,  low  mut- 
tt^ring  delirium,  subsultus  tendinum,  etc.  When  contusion  is  se- 
vere or  prolonged,  localizing  symptoms  are  likely  to  develop;  the 
condition  is  then  recognized  as  one  of  laceration  or  eompression 
as  well  as  contu*sion,  Wlicn  symptoms  of  compression  develop 
early  they  are  likely  to  be  due  to  hemorrhage  or  laceration,  but  if 
they  come  on  late,  edema  of  the  brain  is  probably  the  cause, 

Laceraiion, — Laceration  of  the  brain  tissue  without  fracture 
may  be  considered  an  intensified,  local  contusion  and  is  due  to  the 
same  causes.  When  it  is  the  direct  result  of  depressed  fragments 
or  the  entrance  into  the  skidl  of  the  vulnerant  body  we  tind  that 
the  condition  may  occur  more  or  less  independently  of  the  symp- 
loma  which  usually  accompany  concussion,  contusion  and  eom- 
preaaion.  Laceration  may  accompany  contusion  and  concussion 
without  giving  rise  to  localizing  symptoms  if  the  region  of  the 
brain  involved  is  not  cai>abh*  of  iircHlueing  peripheral  dis!tu*bances 
in  function.  Wlieu  the  region  injured  is  within  some  of  the  so- 
called  silent  areas,  w*e  have  no  localizing  symptoms.     Contusions 
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and  lacerations  of  the  brain  are  a  frequent  accompaniment  of  frac- 
tures of  the  base,  the  most  frequent  sites  being  the  under  surfaces 
of  the  frontal  lobes  and  the  tips  of  the  spheno-temporal  lobes.  In 
depressed  fractures  of  the  vault  it  is  common  to  find  the  cortex 
beneath  the  fragments  suffering  from  laceration.  The  pulse  is 
usually  weak  and  rapid,  resembling  concussion  in  this  respect;  in- 
creased tension  and  slow  pulse  are  to  be  expected  only  when  com- 
pression develops.  The  temperature  in  both  concussion  and 
contusion  is,  as  a  rule,  subnormal  but  as  the  conditions  merge  into 
the  more  severe  grades  of  brain  injury,  such  as  laceration,  the 
temperature  rises  above  normal. 

Compression. — The  physical  phenomena  indicating  compression 
of  brain  tissue  vary  widely  wath  the  location,  rapidity  and  degree 
of  pressure.  The  cranial  contents  are  fluid  and  semifluid,  hence 
the  question  of  intracranial  pressure  is  essentially  one  of  hydro- 
dynamics. The  cerebrospinal  fluid  occupies  a  considerable  space 
between  the  brain  and  the  skull,  especially  at  the  base,  and  when 
hemorrhage  occurs  within  the  skull  this  fluid  is  displaced  into  the 
spinal  spaces  to  make  room  for  the  clot  within  the  cranium. 
Under  such  conditions  the  capacity  of  the  skull  remains  the  same 
and  the  fluid  nature  of  the  contents  precludes  actual  condensation 
or  compression,  yet  the  pressure  pervading  the  entire  mass  is  in- 
creased, accounting  to  some  extent  for  the  symptoms.  This 
pressure  impedes  the  circulation  within  the  skull,  resulting  in 
intracranial  anemia,  which  is  in  turn  compensated  for  by  the 
activity  of  the  vasomotor  centers  which  raise  the  jjeiifiral  blood 
pressure.  Hence  the  slow,  high-tension,  bounding  pulse  seen  In 
compression  of  the  encephalon.  If  the  pressure  be  slowly  applied, 
allowing  the  cerebrospinal  fluid  ample  time  for  displacement,  a 
surprisingly  large  clot  may  result  with  but  mild  symptoms ;  on  the 
other  hand  pronounced  and  rapid  symptoms  may  accompany  a 
small  quick  hemorrhage.  The  most  pronounced  symptoms,  there- 
fore, accompany  large  rai)id  hemorrhages  such  as  occur  from  the 
middle  meningeal  artery,  while  the  mildest  and  slowest  of  onset 
are  seen  in  cases  where  a  small  clot  has  developed  gradually  from 
one  of  the  smaller  veins.  During  compression,  the  intracranial 
pressure  will  be  approximately  the  same  throughout  the  skull  but 
the  displacement  of  cerebral  tissue  will  be  greatest  surrounding 
the  foreign  material,  decreasing  in  all  directions  within  the  skull 
inversely  as  the  square  of  the  distance.     The  region  of  greatest 
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displacement  will  show  the  greatest  amount  of  cell  injury  and 
dissociation  between  cells,  and  will  therefore  be  the  area  to  suffer 
most  functionally.  If  the  foreign  accumulation  takes  place  rap- 
idly the  function  of  the  cortex  may  be  destroyed  at  once,  but  if 
the  pressure  is  exerted  more  gradually  there  will  be  irritation  with 
overaction  of  the  centers,  followed  by  paralysis  if  the  process  be 
carried  far  enough.  Accordingly  when  motor  areas  are  the  seat 
of  displacement  v;e  have  spasm  of  groups  of  muscles  according  to 
the  cortical  regions  involved ;  this  overaction  or  convulsion  is  fol- 
lowed by  paralysis  if  the  pressure  is  continued  and  increased. 
Compression  may  be  the  result  of  hemorrhage  from  the  meningeal 
or  cerebral  vessels,  from  edema  following  contusion,  from  depressed 
fragments  of  bone  and  from  the  forcible  introduction  of  foreign 
bodies  througli  the  skull  and  into  the  brain. ^ 

Symptoms. — The  most  coinnion  causes  of  traumatic  compression 
are  the  depression  of  fragments  and  hemorrhage  from  the  menin- 
geal vessels,  especially  the  middle  meningeal.  The  same  trauma 
which  causes  compression  almost  invariably  produces  concussion, 
and  if  the  concussion  does  not  clear  up  before  the  symptoms  of 
compression  develop,  the  patient  will  present  the  symptoms  of  both 
conditions  simultaneously.  A  return  to  the  unconscious  state  dur- 
ing recovery  from  concussion  is  therefore  a  symptom  characteristic 
of  compression,  the  conscious  or  semiconscious  interval  represents 
a  condition  of  the  patient  in  which  he  is  coming  out  of  the  un- 
consciousness of  concussion  before  the  clot  has  assumed  sufficient 
size  to  produce  coma  from  increased  intracranial  pressure  and 
displacement. 

The  symptom-complex  of  fracture  of  the  skull  is  so  variable  and 
the  subject  so  extensive  that  it  is  difficult  to  study  the  numerous 
symptoms  in  detail,  and  at  the  same  time  keep  a  clear,  concise 
and  comprehensive  view  of  the  subject  as  a  whole.  For  this  reason 
we  will  consider  first,  in  tabulated  form,  the  most  frequent  symp- 
toms which  may  accompany  the  condition,  after  which  they  will 
be  taken  up  in  detail.  The  same  difficulties  which  confront  us  in 
the  study  of  these  conditions  prevail  in  dealing  with  the  case  at 
the  bedside,  and  unless  we  have  some  systematized  method  of  pro- 
cedure we  are  more  than  likely  to  overlook  some  of  the  symp- 
toms. 


1  Patholofciral  conditions  such   as   tumors,   rysts.   etc..   are  not   here   considered   as  they 
are  not  related  to  fractures,  except  as  sequelee. 
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For  convenience  the  symptoms  may  be  divided  into  local,  gen- 
eral and  localizing. 

Local  symptoms. 

1.  Pain  in  the  region  of  the  fracture. 

2.  Soalp  wounds. 

IJ.  Depressions  or  fissures  in  the  bone. 

4.  Mobility  and  crepitus. 

5.  Escape  of  blood,  cerebrospinal  fluid  or  brain  tissue. 

6.  Eochymosis. 

7.  Emphysema. 

General  symptoms. 

8.  rnconsciousness. 

9.  Vomiting. 

10.  Headache. 

11.  Vertigo. 

12.  Cieneral  flaccidity  and  loss  of  deep  reflexes. 
l.S.  Variations  in  pulse  and  blood  pressure. 

14.  Variations  in  respiration. 

15.  Variations  in  temperature.* 

Localizing  symptcmis. 

16.  Deviation.s  in  the  positions  of  the  eyes. 

17.  Alterations  in  pupillary  reactions. 

18.  liocal  motor  and  sensory   paralyses  and  disturbances   'v\ 

muscular  tone*. 

19.  Disparity  in  deep  reflexes  of  two  sides. 

20.  Disparity  in  temperature  of  two  sides. 

21.  Disturbances  in  higher  psychic  function. 

22.  Aphasias. 

2.S.  (Vanial  nerve  symptoms. 

It  is  not  to  be  suppose<l  that  any  given  patient  will  present  all 
of  th(»  above  tabulated  symptoms,  and  no  one  symptom  will  be 
present  in  all  cases.  Each  patient  examined  will  show  a  different 
combination  of  symptoms  as  a  result  of  the  variations  in  bone  and 
brHin  injury  which  occur  in  different  instances.  Most  fractures 
of  the  vault  present  a  more  or  less  complete  set  of  local  symptoms, 
being,  a.s  a  rule,  aecompanied  by  wounds  of  the  scalp.  In  frac- 
tures of  the  vault  localizing  symptoms  will  be  present  depending 
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upon  whetin^r  or  not  the  motor  aroys  have  beon  iiijunMl.  Frac- 
tures of  tile  btJse  are  less  |>rodiK*iive  of  ]o(*h1  syniptoms,  thou^^h 
the  genera!  syraptoras  are  usoally  nioro  pronounced. 

Iah'AL  Symptoms. — 1.  Pfiiti  in  tht  rfijion  of  frti<tnr*  is  pre,srnt 
if  the  patient  is  eoiKseious;  in  otlier  words,  pain  is  ju'*'srnt  if  the 
eneephalon  is  capable  of  rero^'nizin*i:  the  art'eriiit  impulses  ivhieh 
f'OiLstitute  pain.  In  many  eases  of  seriiicon-seidusnrss  pain  is  imli- 
eated  by  r^'roanintr  or  liy  repeatedly  earryiniz  the  baud  to  tlie  seat 
of  the  injury.  Pain  is  presi-nt  in  simiile  sealp  wounds  but  is  not 
as  severe  as'^tbat  whit  li  results  when  the  skull  is  fractured  and  the 
uieniriR^es  injured. 


inir  shell  dtiHng  th«   FruiuM  i 
hite    rosalu. 


uir    [ir.i.lii.id    1.;,    ,1    h.kjiiM-^nt   of    iin    «*]tplod- 
Uiiiur)    ut    i^cvcrL;    InftiLiioni.     No    untowJird 


2.  Tile  symptoms  of  scalp  wounds  do  not  necessarily  accompany 
those  of  fracture  of  the  skull,  but  the  frecinent  association  of  the 
two  conditions  in  fracture  of  the  Vc^ndt  would  render  tbe  picture 
misleading  if  the  symptoms  of  scalp  injury  were  not  included 
under  the  lo^^al  symptoms  of  fracture  of  tlie  skull  (see  **  Scalp 
Wounds/'  page  3H2). 

3.  Depressions  of  bovr  luny  sone'times  l)e  recognized  by  inspec- 
tion alone,  though  the  symi^tom  is  usually  found  ordy  by  palpa- 
tion and  exffloration  of  the  sealp  wound.  Fissures  may  be  present 
radiating  from  a  depressiou  or  existing  independently,  and  can  he 
recojinized  only  l)y  exaniination  of  the  l>one. 

4.  3I(*hilitif  uitd  crepifuit  may  be  present  in  rare  instances  but 
are,  as  a  rule,  only  elicited  during  exploration  of  the  bones  of  the 
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hood. 


Fig.  522.^fHa  di'pre»k«d  fraruir*  \n  frontal  reciciii. 
No  iympttim*   whiiiewr  of  intracmniftl  difitttmaBce. 


Injnr-y  su»tamed  ditrittjp  child- 


Fig,  523. — DOT»rf»fl«ed  fnicturp  of  skull  m  l«'ft  piirielml  reg^ion  of  about  *?ightrt*n 
yeara'  atatidltig.  slot  followed  by  any  lat^  aymptuma.  P&tient  prueata  him&elf  at  ttii» 
time  for  tr««tmeDt  of  alight  acalp  wound  aeoi  aA  tlie  upper  laargui  ol  tb«  old  depree^ 
0ion« 
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FIj,   524. — E>epre«»sjpd     fracture    of    the     vsiuU     wilhotit    aympiom*    for    over    twenty 
I     Of    late    tbfp    Diiricnt    com|tlnm»    of    p»in     ai    thfi    geat    of    frnriure    fallowf^d     nt 
by   gpmrrnl    hpadacbe.    vertlifo   and   dizz)nei»i.     An    example  of    the   develDpcnen!    uf 
1»tt  vymptoms  In   instance*  in   which  d^preiuiiDn  is  lUlowed  to  yn  nncarrttcted. 


Fl^,   625.^ — ^Fmctur©  of  poftlennr   !■■ 
lomft  tufffidtivf)  of   th«   condition    until 
boars),      Patient    vr^nt    ftbnut    ht^    bop.iir  ' 
nol  desire  ftny   Attcfilion.     DcciTh   due   > 
from    A    am&W    vHn    in    tlit?>    povlt'rtor    i 
fracture,     Hemorrhnfe    uUitnAtely    covu- 
in    Iwd    n<»xt    raorniog,      Moderntc    quaniny 
lh<»    nii*ftl    crtvitii^    durinjr    filecp.      Line    of 
trour.   Imving   he*^n    Ukeu   by   the   Uifhl  of  n 


'  fsiU  on  tlm  buck  of  h&fld,     Ko  tymp' 

lijwing  Ihu   injury    (nearly  twenty-four 

ihni    lu"    wan    perfectly    well   and   did 

iiiai    preMunj   produced    bv    Inmikorrhafe 

w(i8    torn    as    it   croMed    the    Un«    of 

1-0    of    th«<    brain.      Patient    found   dead 

of    vi/uoun    blood    had   made   it*   escape   from 

frartT^r*?    rplourhwi    iin    thi*    photoirrapH    was 

16   c^p.  wliTtrir   Ump, 
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vault.     A    frat'luro  may  eiipjrele  th«*  8kuU,  dividing  it   into  two 
jmrtions,  and   with  such  a  condition  it  may  he  possible  to  move 


Fiar.   52ti, — Old    ilcpr^-sft^d    fracturi-    of    ihv   frnnln)    rirglon       Case   opvrnied    Mind    bon^ 
nmioved.      UnrVL'titfiil   rrctiwry. 


Fig.  527. — Fracture    m  iiml    n. mly    encircling   the    skull. 

Pftttetit   lived    h   fpw    hourii    fulKiwiiiK    ihc    ;tijLiry.      rivuioi^ruph    Uken    ftliottljr   After   death. 
Lesion   result  of   fall   from   window. 


one  part  of  tlu^  skull  on  the  other,  thus  produciDg  mobility  and 
sometimes  crepitus. 
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5.  Frat^tiiro  through  tlie  base  of  the  skull  may  nWow  the  rseapf 
of  hlood  or  venbrospittai  fitifd  and  rarely  hrfiin  fks/rr   from   tlie 


FijT.  %'2i< — HfVtTf  i^ornminuled  depressetl  friictiirp  of  the  vnult,  darins  opermtmn. 
A.  T^itrtm^nih  n  hirge  d€»pre*«H<l  frAgriK'tii  of  }»*fie.  B,  n*[»ri»8e»UR  tht>  borsctboe'shApfrd 
flap  turned  hack  tn  r^xiHif^c  tlie  frm'turo,  Tho  nrrow  to  tlif  k*ft  is  iu  liine  with  frsctuTfl 
•^►OTf  the  large  frasrnn'til.  Tlie  arrow  to  the  right  in  in  line  with  the  frocture  bfiow 
the   frairTn*»nl,      Tiip    uppi»r    portion   nf   th«>   fmfm^nt.   i»   ronsiderjibly   deprpftfi€?d, 


Fi^.  629. — Exnttipkr  of  the  c-splosiv**  ♦•flfect  of  the  loodt^rii  biijh  pfrasure  miajiil©  at 
clo»e  rmnKe.  Woynd  iriflio(t*d  with  ft  32  20  CArtridlgw  fired  from  q  Smith  St  Wenaon 
rinrolrtr.  (Soft  nof^e  bullet  )  Pictmrc  taken  HtMiut  twenty  minuieii  after  mjur>%  Pa- 
tient  llred   about   mna    hour. 


ears,  iios*^i  or  moutli  necording  to  the  rojsrion  of  frat^ture.  In  frac- 
ture  of  tlie  %*aiilt  these  snmv  materials  may  escape  clireetly  through 
the  scalp  woiiml  or  inlo  the  tissues  of  the  sealp  when  the  eondi- 
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tion  is  not  eomponiHl.  It  should  lie  reiiipuil>ei*pd  that  a  large  pro- 
portion of  basal  fnirtunvs  ivKiilt  from  the  extension  of  a  linear  frae- 
ture  of  the  vault  into  the  hase,  and  hence  are  fraetiirea  of  both 
vault  antl  bas«\  The  eseajie  of  hraiii  tissue  is  raiieh  more  com- 
mon ill  fraeture  of  the  vault  than  it  is  when  the  hase  alone 
is  involved.  Hemorrhage  is  extremely  variable  in  quantity  and 
duration.  It  mriy  he  very  severe  for  a  few  miiuiteH  or  blood  may 
continue  to  tlow  in  small  amounts  for  a  periotl  of  days.  The  flo\y 
of  cerebrosiunal  tin  id  is  likely  to  persist  for  at  least  some  hours,! 
usually  days,  wfteu   leaka*j:e  is  once  established.     It   is  commonly' 


Fig.   530. — ^Biillet   in    head.     The   arrow    in>inlfe   li>   \h*3  optfuiiig   in    llie   akuU   thruu^h 
which  the  l»iillet  ealered. 


nuxi'd  witfi  blood  during  the  first  few  hours  or  the  first  day,  after 
which  it  is  likely  to  become  clear  and  free  from  accompanying 
heniorrhagc. 

6.  Ecckymosis  beneath  the  conjunctiva  is  a  common  symptom 
in  fracture  of  the  anierior  fossa  and  may  be  accompanied  by 
exophthalmos  if  iIk^  collection  of  blood  within  the  orbit  is  of  any 
considerable  fjuantity.     Ecchymosis  beneath  the  eyelids  may  arise 
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Ki|t,  531. — PrannuiHvd  (^welliritc  mul  LCtiiyiuosia  at  bolh  eyes  fuMuwiiif  »rimll  KCftlp 
wciultd  Mil  left  AJdc*  u(  fi.»reUt*ad.  L'uiidiriuu  Hui^gffltiv^  of  fracltirt^  at  tlit>  hethv  of  tho 
wkiill  giaev  tlier^^  hiijf  Ijevji  uu  irnuiiiLU  near  ibo  patient's  right  vye  to  ucrount  fur  its 
wwrtliuif    and    hliii'kciiing. 


N 


PiU,  5JI2,— 4'»A«^  of  PK'Vi'rf*  df^pr^yKHod  frartiiro  t«f  (he  vmtlt.  The  patipnt  went 
ftboktt  for  toil  drtv-n  without  un.v  altenUon  lo  the  condititiiU.  He  then  presented  hiniwdf 
for  RK^Iiml  Ireulmmit  berause  of  a  liendjuhti.  pJtrts  bftdly  infected,  t)|>i»rAtion  per 
formed  with  filrvntion  of  th*i  dnpr««(ied  frniriaentft.  R^^covery,  Two  yr^nrh  Uter  he 
roiMmittiyl  Muielde  ttnd  the  riilvtirium  wa^  obt^kined  at  aiit^npis'y.  Patient  wns  a  hard 
drinker  wnd  wa«  drunk  lit  the  lime  of  the  injury,  which  dccuunts  for  hiti  tew  duyij' 
neflect  qI   tho   fracture. 
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from  the  same  causes;  it  usually  spreads  outward  from  the  in- 
ternal canthus  and  is  accompanied  by  subconjunctival  ecchymosis. 
Exophthalmos  with  pronounced  swelling  and  ecchymosis  of  the 
lids  is  commonly  seen  in  suicidal  gunshot  injuries  in  which  the 
revolver  has  been  held  to  the  temple,  the  ball  having  passed 
through  the  skull  directly  behind  the  orbits  or  through  their  apices. 
Ecchymosis  about  the  mastoids  and  nape  of  the  neck  is  not  un- 
commonly seen  in  fracture  of  the  posterior  fossa  though  it  rarely 
develops  before  the  first  twelve  or  twenty-four  hours.  Battle's 
sign  consists  of  ecchymosis  following  the  course  of  the  posterior 
auricular  artery-  and  is  sometimes  seen  in  fracture  of  the  posterior 
fossa. 

7.  Emphysema  behind  the  ear  or  in  the  region  of  the  glabella 
sometimes  occurs  when  the  fracture  opens  the  mastoid  cells  or 
frontal  sinuses.  Under  such  conditions  air  is  much  more  likely 
to  remain  in  the  tissues  if  there  is  no  accompanying  scalp  wound 
to  allow  its  escape. 

Generate  Symptoms. — The  general  symptoms  accompanying 
fracture  of  the  skull  are  much  the  same  as  seen  in  concussion, 
contusion,  laceration  and  compression  previously  described. 

8.  Unconsciousness  is  a  common  state  in  head  injury  and  usu- 
ally obliterates  symptoms  which  might  otherwise  be  of  value  in 
diagnosis  and  treatment.  Although  unconsciousness  accompanies 
most  head  injuries  and  is  more  or  less  proportionate  to  the  severity 
of  the  case,  yet  in  exceptional  instances  it  may  be  of  the  mildest 
type,  or  absent,  even  though  the  condition  be  grave.  Fractures 
of  the  base  are  nnich  more  uniformly  accompanied  by  unconscious- 
ness thmi  are  fractures  of  the  vault.  The  degree  of  luiconscious- 
ness  is  extremely  variable,  ranging  from  cases  of  momentary 
insensibility  to  case.s  in  whieh  the  coma  is  profound.  Roughly 
speaking  the  severe  easels  are  accompanied  by  the  more  profound 
grades  of  unconsciousness.  The  symptom  has  already  been  de- 
scribed under  the  heading  of  concussion,  contusion,  laceration  and 
compn^ssion  (page  407). 

9.  Vomit inc;  is  a  symptom  which  is  commonly  present  in  the 
early  stages  of  frncture  of  the  skull  though  it  is  not  in  any  way 
pathognomonic,  since  it  regularly  occurs  in  concussion  and  allied 
conditions  when  fracture  is  absent.  Vomiting  occurs  in  so  many 
conditions  that  it  is  of  little  significance.  It  is  seldom  present 
after  the  first  few  hours  though  in  severe  cases  it  may  persist  for 
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a  considerable  period.  In  rare  instances  the  vomiting  may  be 
projectile  in  character  and  unassociated  with  nausea.  As  a  late 
symptom  it  may  occur  with  cerebral  tumor  or  abscess. 

10.  Headache  is  a  common  symptom  following  head  injuries  of 
all  kinds.  A  slight  blow  on  the  head  without  disturbances  in 
consciousness,  or  any  other  symptom,  may  be  followed  by  headache 
for  a  day  or  so.  On  the  other  hand,  headache  may  be  the  most 
pronounced  symptom  of  a  serious  brain  lesion.  Headache  as  a 
late  symptom  of  fracture  of  the  skull  is  discussed  on  page  451. 

11.  Vertigo  is  often  present  though  its  recognition  is  frequently 
prevented  by  other  symptoms  such  as  unconsciousness,  prostra- 
tion, etc.  When  persistent  it  is  most  often  associated  with  in- 
juries of  the  cerebelluni  or  disturbances  in  the  end  organs  or  nerve 
tracts  leading  to  the  cerebellum.  One  of  the  important  functions 
of  this  portion  of  the  brain  is  equilibration  which  requires  an 
uninterrupted  and  complete  flow  of  afferent  impulses,  especially 
from  the  cochlea,  semicircular  canals,  eye  and  muscles  of  the  body. 
When  the  end  organs  are  suddenly  thrown  out  of  function  or  the 
tracts  leading  from  them  are  interfered  with  the  cerebellum  fails 
to  receive  the  necessary  data  for  the  performance  of  its  peculiar 
function  and  the  symptoms  of  vertigo  result.  Vertigo  may  fol- 
low excessive  impulses  from  a  given  region,  as  well  as  absence  or 
diminution  of  impulses.  Thus,  irritative  lesions  of  the  semicir- 
cular canals  may  flood  the  cerebellum,  so  to  speak,  with  abnormally 
strong  or  incorrect  impulses  so  that  the  function  of  this  portion 
of  the  brain  is  disturbed.  The  conditions  in  which  such  dis- 
turbance may  occur  are  legion ;  it  may  be  present  in  mild  or  severe 
cases,  either  organic  or  functional  in  nature,  and  hence  vertigo 
is  a  common  symptom  and  is  usually  of  little  diagnostic  value.  It 
rarely  persists  however  if  there  is  no  organic  lesion  present.  It 
may  be  subjective  or  objective;  the  patient  feels  that  he  is  turn- 
ing, or  suffers  from  the  sensation  of  surrounding  objects  revolving 
about  him. 

12.  General  flaccidity  sometimes  including  sphincteric  relaxation 
is  a  condition  common  to  all  forms  of  profound  coma  and  will 
therefore  be  seen  in  the  more  severe  typi^s  of  head  injury.  The 
more  sudden  and  violent  the  onset  of  coma  the  greater  the  prob- 
ability of  involuntary  evacuations. 

The  deep  reflexes  may  be  lost  in  coma  from  any  cause  if  the 
unconsciousness  is  extremely  profound.     They  are  absent,  there- 
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fore,  ill  head  injuries  of  the  more  severe  type.     (Sf*e  page  423 
for  deep  reflexes  as  a  localizing  symptom.) 

13.  Variations  in  the  pulse  and  blood  pressure  occur  as  already 
described  under  concussion  and  allied  conditions  (see  page  407). 
When  shock  alone  is  present  the  pulse  will  be  rapid  and  the  tension 
low;  when  cerebral  compression  occurs  the  pressure  rises  and  the 
pulse  becomes  slow  and  bounding.  A  patient  in  extremis  will 
show  a  weak,  rapid,  irregular  pulse  regardless  of  the  presence 
of  compression. 

14.  Variations  in  respiration  are  common  in  head  injuries.  Any 
profound  unconsciousness  may  be  accompanied  by  stertorous 
breathing  especially  if  the  person  occupies  the  dorsal  recumbent 
position.  It  is  common  in  deep  sleep  and  is  due  to  relaxation 
of  the  soft  palate  and  lips.  It  may  be  sighing,  languid,  explosive, 
irregular,  shallow,  deep,  etc.  Rhythmic  disturbances  are  sometimes 
seen,  as  exemplified  in  Cheyne-Stokes'  respiration  in  which  the 
pectoral  excursion  increases  with  each  respiration  until  the  patient 
presents  the  symptoms  of  pronounced  dyspnoea,  when  the  respira- 
tory excursions  grow  progressively  weaker  until  a  condition  of 
apnoea  is  again  reached ; — after  a  short  period  of  quiescence  the 
cycle  is  repeated.  In  some  instances  irritation  of  the  respiratory 
center  produces  a  pronounced  snorting  with  each  inspiration.  The 
more  severe  cases  of  head  injury  are  often  accompanied  by  the 
more  pronounced  disturbances  in  respiration. 

15.  Variations  in  temperature  occur  commonly  in  head  injuries. 
Simple  concussion  is  accompanied  by  lowering  of  temperature  in 
most  cases.  Laceration  of  the  brain  tissue,  contusion  and  compres- 
sion are  attended  by  rise  in  temperature  if  the  condition  is  at  all 
severe.  Variations  in  temperature  are  considered  among  the  gen- 
eral symptoms,  yet  an  extreme  elevation  of  temperature  (106°- 
109°  ¥.)  accompanies  pontine  lesions  and  hence  the  temperature 
becomes  a  localizing  symptom. 

Localizing  Symptoms. — The  localizing  symptoms  occurring  in 
head  injuric^s  are  extremely  variable,  moreover  unconsciousness 
obscures  many  of  these  symptoms  early  in  the  condition. 

U).  Drviations  in  the  positions  of  the  eyes  are  common  and 
show  considerable  variation.  The  eye  of  the  injured  side  may  be 
turned  in  any  direction  rejjrardless  of  the  position  of  the  opposite 
eye.  Kxtcrnal  and  internal  strabismus  or  an  upward  turning  of 
the  eye  are  common.     Turning  of  the  head  and  both  eyes  toward 
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the  side  of  the  lesion  is  not  infrequently  found  and  is  known  as 
** conjugate  deviation/'     Nystagmus  is  sometimes  observed. 

17.  Alterations  in  pupillary  reactions  and  size  usually  accompany 
fracture  of  the  base  of  the  skull.  The  most  common  disturbance  is 
that  of  dilatation  of  the  pupil  with  loss  or  diminution  in  reaction 
on  the  same  side  as  the  lesion.  The  pupil  of  the  opposite  side  is 
often  normal  in  size  and  reaction.  Pronounced  contraction  usually 
means  an  irritative  lesion  of  the  third  nerve  but  is  rarely  seen. 
Loss  of  reaction  in  one  or  both  pupils  is  a  grave  symptom.  When 
the  optic  nerve  or  tract  anterior  to  the  oculo-motor  nuclei  is  torn 
the  pupillary  reflex  is  abolished  through  destruction  of  the  afferent 
arc  of  the  reflex  arc.  Wernicke's  heinianoptie  pupillary  reaction 
may  be  present  in  cortical  visual  lesions.^ 

18.  Local  paralyses  and  disturbances  in  tnuscular  tone  may  be 
present  if  the  cortex  has  been  injured,  monoplegias,  hemiplegias 
or  crossed  paralyses  may  be  present  according  to  the  site  of  the 
lesion.  The  paralysis  may  be  overlooked  in  the  unconscious  state 
if  the  surgeon  is  not  observant.  If  the  cortical  lesion  is  irritative 
the  corresponding  peripheral  area  will  show  increased  muscular 
tone,  twitching  or  spasm.  When  the  pressure  be(*omes  sufficient 
to  throw  the  involved  area  of  the  cortex  out  of  function  paralysis 
develoi)s.  Sensory  losses  freciuently  occur  over  areas  correspond- 
ing in  extent  with  the  motor  paralysis,  the  anesthesia  usually 
preceding  the  paretic  condition. 

19.  Disparity  in  deep  refit  xrs. — Wli(»n  paralysis  exists  in  an 
extremity  following  cortical  injuries  the  deep  reflexes  are  dimin- 
ished or  lost  throughout  the  paralyzed  area.  If  the  cortical  lesion 
is  irritative  as  indicated  by  increased  muscular  tone,  twitchings  or 
si)asm,  the  deep  reflexes  in  the  member  pn^sidcd  over  (i.e.,  the  con- 


1  The  author  has  obsoivod  an  irre^rulurity  in  iho  rotundity  of  the  pupil  in  about 
a  do/.<'n  inntances  of  fractunr  of  tho  posterior  fossa  with  c»'reh<'llar  injury,  though  he 
rannot  Ktate  doflnittdy  at  tho  present  time  that  this  ))upillar>-  pe<-uHarity  is  necessaril/ 
indicative  of  rerelwllar  disturbnnres.  Dilatation  of  the  upper  outer  ({uadrunt  of  the 
irin  has  been  present  in  most  instances  (in  one  case  this  same  portion  of  the  iris 
showed  more  contraction  than  the  remainin^c  three  quarters  of  the  pupillary  circum- 
ference). The  same  irregularity,  though  much  less  pronounced,  iwcurs  at  times  in  al- 
coholiHm.  and  the  oval  pupil  is  reported  as  one  of  the  symptoms  of  (terlier's  disease. 
Alcohol  has  a  distinct  influence  on  the  cerebellum  as  is  indicated  by  the  ataxic  condi- 
tion of  drunkennesB  and  the  symptoms  of  (ierlier's  disease  all  point  unmistakably  to 
cerebellar  disturbances.  The  nerve  supply  to  the  <lilatini;  fibres  of  the  ui)per  outer 
quadrant  of  the  iris  are  from  a  diflferent  portion  of  the  sym])athetic  than  th(»se  innrr- 
vating  the  remainder  of  the  pupil;  the  clinical  ob.ser\-ation.«»  therefore  an-,  to  some  ex- 
tent, in  accordance  with  the  anatomical  facts.  Further  ob^ervation  and  experiment 
will  determine  the  value  of  the  symptom. 
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tralateral  half  of  face,  arm  or  leg)  will  be  exaggerated.  Thus 
an  arm  or  leg  with  aii  irritative  cortical  lesion  in  the  opposite  hem- 
isphere of  the  cerebrum  will  show  an  increase  of  the  deep  reflexes 
when  compared  with  the  sound  limb.  If  the  cortical  lesion  be 
paralytic  the  deep  reflexes  will  be  less  than  those  of  the  opposite 
unaffected  member,  or  what  is  still  more  common  they  will  be 
entirely  wanting  early  in  the  condition. 

20.  The  temperature  of  the  paralyzed  limb  will  usually  show 
a  reduction  of  one  or  one  and  a  half  degrees  below  that  of  the  op- 
posite member.  Twenty-four  to  forty-eight  hours  following  the 
injury  the  temperature  in  the  affected  member  is  likely  to  rise  a 
degree  or  so  above  normal,  being  higher  than  the  temperature 
observed  in  the  opposite  extremity.  These  surface  temperatures 
are  best  taken  by  the  surgeon  himself,  to  secure  the  most  accurate 
results.* 

21.  Disturbance  in  the  higher  psychic  function  (judgment, 
reasoning,  concentration,  etc.)  is  sometimes  attendant  upon  lesions 
of  the  frontal  lobes.  The  disturbances  in  function  however  are  by 
no  means  constantly  proportionate  to  the  extent  and  severity  of 
the  injury.  Severe  damage  may  occur  in  the  frontal  region  with 
loss  of  brain  tissue  and  still  not  be  followed  by  any  appreciable 
disturbance  in  the  reasoning  powers  of  the  individual,  yet  injury 
in  this  region  is  at  times  attended  by  distinct  clouding  of  the 
intellect  or  disturbed  mentality.  Damage  to  the  frontal  lobes  is 
much  more  likely  to  be  followed  by  functional  impairment  in  chil- 
dren than  in  adults  and  is  probably  due  to  the  fact  that  the  injury 
is  sustained  during  the  developmental  period. 

22.  Aphasias  will  seldom  he  noted  early  following  fracture  of 
the  skull  because  of  uneonsciousnes.s.  Later  on  the  patient  may 
show  auditory  aphasia,  visual  aphasia,  motor  aphasia  or  graphic 
motor  aphasia  or  any  combination  of  these  defects.  Auditory  and 
vLsual  aphasia  most  frequently  ooeur  together.  The  center  for  au- 
ditory word  memories  is  in  the  left  temporal  lobe,  that  for  visual 
word  memories  is  in  the  left  augular  gyrus,  that  for  motor  mem- 
ories is  in  the  foot  of  the  third  left  frontal  convolution,  and  the 
remaiiiin<jf  center  for  graphic  motor  memories  is  probably  located  in 
the  second  left  frontal  convolution  near  the  centers  for  the  right 


1  In  takiuir  surface  ton)i>orature  the  skin  should  he  thoroughly  dried  with  a  pledget 
of  cotton  and  the  thermometer  held  in  plafe  with  an  adhesive  strap  for  five  minutes 
actual  count  by  the  watch.  Alcohol  should  not  hv.  used  in  cleaning  and  drying  the  skin 
because  of  the  refrigerant   action  attendant  upon  evaporation. 
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hand-  In  Ipfthanded  i>ersons  these  speeeh  t*ent<^rs  are  located  on 
the  opposite  side.  Any  of  these  various  types  of  aphasias  Biay  be 
present  according  to  the  site  of  the  cortical  lesion  or  the  damage 
done  tn  the  tracts  leading:  to  or  from  them.  Inasmuch  as  these 
ditferent  functions  are  all  more  or  less  interdependent  we  will 
see  the  different  types  of  aphasias  occurring  together  in  varying 
degrees  and  combinations.  The  stei-eognosiie  sense  is  located  in 
the  parietal  lot»e  and  injur>^  to  this  region  will  be  followed  by 
astereognosis, 

23.  Organic  lesions  and  functional  disturbances  in  the  cronial 
nerves  commonly  aeeompany  fracture  of  the  skull ^  especially  the 
base,  and  the  symptoms  w^ill  vary  with  the  function  of  the  nerve. 
Many  of  the  cranial  nerve  functions  are  sensory  and  therefore 
subjective  in  nature  so  that  the  symptoms  of  disturbed  or  destroyed 
function  are  not  recognizable  during  nneonscionsness.  Any  of  the 
cranial  nerves  may  be  injured  in  fracture  of  the  base  or  their 
centers  may  be  irritated  or  destroyed  in  lesions  involving  the  bulb. 
The  function  of  these  nerves  may  be  disturbed  by  shock  or  by 
intracranial  pressure  without  organic  lesion  in  either  center  or 
nerve  so  that  rejstoratiorj  of  function  is  complete  when  the  intra- 
cranial pressure  is  removed  or  coneussion  passes  off.  Complete 
loss  of  function  usually  mean^s  permanent  impairmeDtj  slight  loss 
of  function  is  often  followed  by  complete  recovery.  Loss  of  fnnc- 
tion  in  some  of  the  cranial  nerves  may  come  on  some  time  follow- 
ing the  accident  especially  if  meningitis  develops.  It  is  seldom 
that  a  single  cranial  nerve  is  injured. 

1.  Cotisciousness  is  necessary  to  determine  the  presence  or  ab- 
Bence  of  smell,  hence  disturbances  in  this  sense  cannot  be  recog- 
nized early.  Fracture  of  the  anterior  fossa,  hemorrhage  between 
the  olfactory  bulb  and  the  cribriform  plate,  raising  and  tearing 
the  bulb  from  the  olfactory  nerves,  hemorrhage  within  the  bnlb 
or  above  it  with  pressure,  or  thrnsi  woiuids  through  the  nose  may 
injure  or  destroy  this  sense, 

IL  The  opiic  lurve  is  sometimes  injured  in  fractures  of  the 
base.  The  cella  Turcica  seerus  to  be  frerpiently  involved  iii  frac- 
tures traversing  the  base  and  the  close  proximity  of  the  optic 
nerv^^  chiasm  and  tracts  ac<*ount8  for  blindne.ss  and  some  forms 
of  impaired  vision  vvhicti  uuiy  fnllow  basal  fracture.  Injury  as 
the  ner^^e  passes  through  the  optic  foraruen  is  probably  most  com- 
mon.    Blindness  may  be  noted  as  soon  as  the  patient  regains  con- 
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w'Aousnew  and  is  due  to  hemorrhage  within  or  about  the  nerve  or 
laceration  of  the  nerve  itself.  Blindness  coming  on  some  time 
after  the  injury  has  been  noted  in  some  eases  of  fracture  of  the 
base  and  may  Ixj  due  to  pressure  from  callus  formation  when  the 
fra<;ture  passes  through  the  optic  foramen.  (See  '* Alterations  in 
Pupillary  Reactions/ '  page  423.) 

Ill,  IV,  and  VI.  The  third,  fourth  and  sixth  cranial  nerves 
have  lonf<  intracranial  courses  beneath  the  brain  and  are  therefore 
especially  exposed  to  injury  in  fractures  of  the  base.  The  third 
nerve  is  more  commonly  injured  in  one  of  its  branches  than  is  the 
entire  nerve.  Paralysis  of  all  the  branches  of  the  motor  oculi  is 
foUowful  l)y  external  strabismus  and  dilatation  of  the  pupil.  The 
eyeball  assumes  different  positions  when  different  branches  of  the 
third  an»  involved.  Paralysis  of  the  sixth  is  followed  by  internal 
MtrabiMinus.  Paralysis  of  the  fourth  nerve  is  more  difficult  to  recog- 
nize* ;  it  nuiy  be  accompanied  by  diplopia  or  looking  downward. 

V.  Tlh^  fifth  nerve  is  the  sensory  nerve  of  the  face,  and  in- 
n(»rvateH  i\w,  nniH(*les  of  mastication.  Anesthesia  of  the  face  fol- 
lows injury  of  this  nerve  and  if  the  damage  is  permanent,  herpes, 
keratitis  ntMiroparalytica  and  trophic  disturbances  may  follow  in 
the  skin  of  tlu^  face.  The  motor  fibres  supplying  the  muscles  of 
mastication  travel  with  the  third  or  inferior  maxillary  divi- 
sion. 

VII.  The  stviuih  .sui)plie8  all  the  muscles  of  the  face  and  the 
buccinator.  Injury  to  this  nerve  is  attended  by  the  characteristic 
symi)tonis  of  Holl's  palsy.  It  is  the  most  frequently  injured  of 
the  twelve  cranial  nerves. 

VI II.  The  ti(fhth  cranial  turre  is  the  nerve  of  hearing  and  when 
torn  across  will  be  followcil  by  deafne*ss.  Fracture  through  the 
petrous  portion  of  the  temporal  may  injure  the  organs  of  hearing 
or  clots  may  collect  within  the  tympanum  and  thus  disturb  hear- 
inir  without  injury  to  the  nerve  itself.  The  bone  conduction  test 
should  be  the  only  one.  therefore,  on  which  to  base  a  diagnosis 
of  injury  to  the  nerve.  Irritation  of  the  eighth  nerve  is  likely 
to  be  accompanied  by  persistent  tinnitus  and  aural  vertigo  as  well 
as  inipaircil  lu^nrinvr. 

l\.  \.  iuul  .XL  The  niuth,  ft  nth  and  tlevinih  cranial  nerres 
hjiNe  i\  short  intracranial  course  and  in  their  exit  from  the  skull 
iH-eupN  tile  niividle  portion  of  the  jutrular  foramen  with  the  lateral 
sinus  on   one  side  and   the  inferior  petrosal  sinus  on   the  other. 


FRACTURES  OP  THE  SKULL  427 

The  large  size  of  the  foramen  through  which  they  pass  and  their 
short  intracranial  courses  render  them  less  liable  to  injury  than 
most  other  nerves  passing  through  the  base  of  the  skull.  Their 
nuclei,  however,  situated  in  the  medulla  are  very  commonly  tem- 
porarily disturbed  in  function  by  increased  intracranial  pressure 
or  raised  blood  tension,  as  evidenced  by  the  respiratory,  cardiao 
and  gastric  disturbances  occurring  in  head  injuries.  A  traumatic 
lesion  which  seriously  injures  or  destroys  these  centers  is  usually 
immediately  fatal.  Injuries  of  the  ninth  nerve,  as  evidenced  by 
disturbances  in  swallowing,  rarely  occur  in  head  injuries.  Sen- 
sory and  motor  disturbances  in  the  larynx,  disturbances  of  the 
stomach  and  intestines,  disturbance  in  heart  action  and  respiration, 
may  accompany  injury  to  or  disturbed  function  of  the  vagus. 

The  spinal -accessory  supplies  the  sterno-mastoid  and  upper  por- 
tion of  the  trapezius  on  the  same  side  and  paralysis  of  these  two 
muscles  follows  injury  to  the  eleventh  cranial  nerve. 

XII.  The  twelfth  cranial  nerve  is  rarely  injured  in  fracture  of 
the  skull.  Paralysis  of  half  the  tongue  followed  by  trophic  changes 
in  the  paretic  side  of  the  organ  and  disturbances  in  the  innerva- 
tion of  certain  muscles  of  the  neck  are  the  symptoms. 

Diagnosis. — The  diagnosis  of  fracture  of  the  skull  may  be  so  evi- 
dent that  one  cannot  fail  to  recognize  the  condition,  but  on  the 
other  hand  the  symi)toms  may,  in  some  cases,  be  so  obscured  or 
indefinite  that  it  is  impossible  to  state  whether  or  not  fracture 
exists. 

A  searching  history  and  thorough  examination  are  the  two  es- 
sentials for  proper  diagnosis. 

The  history  should  be  taken  in  systematic  order,  inquiry  with 
proper  deductions  being  made  on  the  following  points:  nature  of 
accident,  manner  in  which  injury  was  sustained  with  estimation 
of  degree  of  trauma,  onset  and  degree  of  unconsciousness  if  present, 
symptoms  displayed  prior  to  observation  by  the  surgeon.  Was 
there  spasm?  Was  there  hemorrhage  from  mouth,  nose  or  ears? 
If  blood  Ls  found  in  the  external  auditory  canal,  did  it  run  into 
ear  from  an  adjoining  wound  of  face  or  scalp,  or  did  it  first  ap- 
pear in  the  ear?  What  were  the  patient's  surroundings?  Was 
there  probability  of  poison  having  been  given  to,  or  taken  by  him? 
Did  previous  disease  exist,  such  as  nephritis  or  diabetes?  Has  he 
been  subject  to  fits  of  any  kind?  What  has  been  the  previous  state 
of  his  health  ?    Has  he  or  any  of  his  family  been  subject  to  nervous 
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(lim'HHctH  or  nonditionH  in  which  unconsciousness  took  place?  What 
In  his  H^i*,1 

Kxamination. — If  patient  is  unconscious  determine  as  far  as 
pOHHibh;  tho  depth  of  coma,  examine  pupils,  note  reaction  to  light, 
compare  size  of  two  pupils,  and  circularity  of  each.  Note  the 
ponition  of  c.vch,  and  [)08ition  of  head  with  relation  to  position  of 
(•y<»M,  note  motility  of  eyeballs,  examine  for  paralyses  or  spasm  of 
exlreinitit's  or  facts  Compare  deep  reflexes  of  two  sides,  test  for 
liabiiiNki'H  Hi^rn,  patella  clonus,  ankle  clonus.  Observe  general 
nuiHiMilar  tone  and  condition  of  skin,  variations  in  pulse  and  blood 
prcHNure,  abnormalities  in  respiration.  Compare  temperature  of 
two  H\i\vH.  Kxamine  scalp  carefully  for  evidences  of  trauma;  if 
wounds  of  the  scalp  or  hematomata  are  present  they  should  be 
explored  and  enlarjxed  if  necessary,  with  due  precaution  for  asep- 
hIn.  The  scalp  should  be  shaved  and  the  wound  treated  as  de- 
HcriluMl  previously  under  the  heading  of  scalp  wounds.  Cranial 
H\itures  .should  not  be  mistaken  for  linear  fractures  while  inspect- 
ing? the  bottom  of  the  wound,  and  rents  in  the  pericranium  should 
not  bo  confused  with  depression,  when  palpation  is  employed. 
Tse  probe  rarely,  with  caution  and  only  after  sterilization  in  flame. 
Determine  mobility  and  crej)itus  when  present.  Note  nature  and 
amount  of  fluids  escapinj;^  from  one  or  both  ears.  Pure  blood  or 
blood  mix(Hl  with  serum,  liquor  Cotunii,  or  cerebrospinal  fluid  may 
(vscape  from  the  ear,  nose,  or  mouth.  It  would  seem  an  easy  mat- 
ter to  nM'ov:ni/.e  cerebrospinal  fluid  when  mixed  with  blood,  but  the 
condition  seems  to  have  been  simulated  by  large  quantities  of 
serum  or  liquor  (^otunii,  and  it  is  often  a  difficult  matter  to  state 
dellnitely  that  a  iriven  fluid  eseapinsr  from  the  skull  contains  cere- 
brospinal tluid.  When,  however,  the  fluid  is  water>%  low  in  al- 
b\nuin  and  \\\\i\\  in  sodium  ehlorid  one  may  feel  reasonably  sure 
that  eerebraspinal  fluid  is  present.  The  face  and  scalp  should 
be  lAamined  for  tveh\  niosis  and  emphysema.  Ecchymosis  about 
tin*  e\e  Nvitii  adjoiniiiiT  bruise  or  abrasion  of  the  face  is  indicative 
o\\\\  o(  s\iperlieial  injury.  Keehymosis  about  the  eye  spreading 
toward  the  external  eantiuis  froui  the  inner  anirle  and  accompanied 
l»\  eoi\juihMi\al  eeeh\  nuvsis  and  no  pn^ximate  trauma  of  the  face 
is  indieati\e  of  fraet\nv  of  the  bas<\  the  I^KhxI  coming  from  within 
the  orbit 

A  ehart  should  be  kept  aud  the  symptoms  entereil  in  the  order  of 
their  appea ranee.     Special  note  should  bo  made  of  the  tempera- 
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ture,  respiration,  pulse,  blood  pressure  and  depth  of  unconscious- 
ness. Early  unconsciousness  is  usually  the  result  of  concussion, 
prolonged  unconsciousness  is  suggestive  of  contusion,  laceration 
or  compression.  A  return  to  the  unconscious  state  is  almost  al- 
ways due  to  intracranial  hemorrhage.  Rise  of  blood  pressure  with 
slow  pulse  usually  indicates  hemorrhage.  Palpation  alone  is  too 
inaccurate  to  be  dependable  in  determining  the  blood  pressure; 
we  should  use  the  sphygmomanometer.  Before  drawing  conclu- 
sions on  the  blood  pressure  we  should  know  the  condition  of  the 
arteries  and  the  age  of  the  patient,  at  least  approximately.  For 
example:  a  tension  of  170  m.m.  in  a  man  of  sixty  with  arterio- 
sclerosis would  not  be  as  indicative  of  hemorrhage  as  the  same 
pressure  in  a  man  of  twenty-five  with  normal  elastic  arter- 
ies. 

Albumin  and  sugar  may  make  their  appearance  in  the  urine  a 
short  time  following  head  injuries  and  for  this  reason  the  patient 
should  bo  eatheterized  at  the  earliest  possible  moment  and  the 
urine  analyzed  to  determine  the  condition  of  the  urine  excreted 
prior  to  the  accident.  This  urinalysis  when  compared  with  later 
tests  may  indicate  the  source  of  sugar  or  albumin  when  present. 
The  value  of  localizing  symptoms  in  diagnosis  will  best  be  appre- 
ciated by  reviewing  these  symptoms  on  page  412. 

A  careful  consideration  of  the  facts  disclosed  in  the  history  and 
determined  by  examination  will  in  most  cases  afford  sufficient  data 
for  a  correct  diagnosis.  Many  of  the  symptoms  of  fracture  which 
are  of  value  are  subjective  in  nature  or  appear  late  in  the  course 
of  the  case  and  are  not  available  at  the  usual  time  of  the  first  ex- 
amination. 

Differential  Diagnosis.— Fracture  of  the  skull  with  brain  injury 
is  usually  associated  with  a  more  or  less  complete  loss  of  conscious- 
ness and  it  will  be  necessary  in  avoiding  mistakes  to  exclude  other 
forms  of  coma.  A  mistaken  diagnosis  may  deprive  the  patient 
of  a  much  needed  decompn^ssive  operation  or  may  subject  him  to 
dangerous  surgical  procedure  when  the  coma  is  due  to  toxic  or 
other  conditions  not  amenable  to  surgery.  It  will  therefore  be 
necessary  to  consid(»r  other  forms  of  unconsciousness  that  wc  may 
systematically  exclude  them  before  making  a  diagnosis  of  brain 
injury.  The  following  classification,  like  most  classifications,  is 
by  no  means  ideal,  yet  it  will  form  a  working  basis  on  which  to 
consider  the  causes  of  coma. 
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A.  Coma  due  to  toiiiporary  circulatory  disturbance. 

1.  Syncope. 

2.  Shoek. 

3.  Cerebral   eon<restion. 

4.  Cerebral  anemia. 

B.  Coma   due   to  medicinal   and   other  extraneous  poisons  cir- 

culating in  the  blood. 

5.  Alcoholic  coma. 

6.  Opium  coma. 

7.  Phenol  coma. 

8.  Chloral  coma. 

9.  Asphyxia   from  illuminating:  gas. 

10.  Asphyxia  from  carbon  monoxid. 

11.  T^tomaiiie  coma. 

12.  Lead  coma. 

13.  Belladonna   and   its  alkaloids. 

14.  Ilyocyamus  and  its  alkaloids. 

C.  ("oiria  following  chronic   disease  and  due  to  toxins  arising 

within    the   body. 

15.  V^remic  coma. 

16.  Diabetic  coma. 

D.  Keflex   comas   and    those   preceding   or   following   acute   in- 

fect ions. 

17.  Convulsions  and  cr)ma  sometimes  precede  the  acute  exan- 

tlienuita  in  childhood. 

18.  Reflex  convulsions  and  conui  may  accompany  dentitional 

and    gastrointestinal   disturbances   in   children. 

19.  Comatose  conditions  may  accompany  acute  infections  such 

as  typhoid,   pneumonia,   etc. 

E.  Diseases  and  neuroses  of  the  central  nervous  system  are  not 

infre(]uently  accompanied  by  coma. 

20.  Hysteria  and   feiirning. 

21.  Epilepsy. 

22.  Apoplexy. 

Cerebral   hemorrhagre. 
Cerebral  embolism. 
Cerebral  thrombosis. 
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28.  Cerebral  syphilis. 

24.  Cerebral  meningitis. 

25.  Abscess  of  brain. 

26.  Tumor  of  brain. 

27.  Epileptiform  and  apoplectiform  attacks  due  to  cerebral 

arterial  disease. 

A.  Coma  Due  to  Temporary  Circulatory  Disturbance. — 
1.  Syncope. — The  essential  of  syncope  is  the  fact  that  it  is  tran- 
sient; lowering  of  the  head  or  shock,  such  as  is  produced  by  cold 
water,  is  accompanied  by  the  return  of  consciousness  within  a 
few  minutes.  Pallor  of  the  skin  and  mucous  membranes,  with 
cold,  clammy,  relaxed  skin  are  constant;  pupils  are  equal  and 
dilated,  with  reaction  to  light  sluggish  or  absent;  pulse  weak, 
rapid  and  sometimes  perceptible  only  in  the  larger  vessels;  tem- 
perature subnormal ;  respiration  weak,  shallow  and  quiet.  The 
characteristic  symptoms  of  other  forms  of  coma  are  absent.  In 
simple  syncope,  not  due  to  organic  heart  disease,  the  attack  is 
evanescent.  Disease  of  the  heart  or 'vessels  may  produce  an  un- 
consciousness more  profound  and  prolonged  in  character,  with  a 
tendency  toward  cyanosis.  Hysterical  syncope  is  likely  to  be  re- 
peated; it  lacks  the  essential  symptoms  of  simple  syncope.  The 
color  of  the  skin  and  mucous  membranes  and  the  pulse  are  un- 
changed, unless  the  attack  is  accompanied  by  severe  muscular  exer- 
tion, as  seen  in  hysterical  convulsions. 

2.  Shock. — Shock  and  cerebral  concussion  are  so  closely  asso- 
ciated that,  for  practical  purposes,  it  is  useless  to  distinguish 
clasely  between  them.  Shock  is  a  condition  accompanying  cere- 
bral concussion  though  it  may  occur  independently  of  it,  as  seen 
following  hemorrhage.  In  the  milder  forms  of  shock  conscious- 
ness may  be  practically  undisturbed,  while  in  severer  forms  coma 
is  often  profound.  Pulse  is  weak,  rapid,  often  irregular  and  some- 
times slow;  respiration  shallow,  frequent  and  usually  quiet;  the 
functional  activities  of  the  entire  body  are  lessened;  the  tempera- 
ture falls  below  normal  early  in  the  condition  and  the  blood 
pressure  may  be  markedly  reduced.  The  symptoms  usually  last 
for  a  few  hours;  recoverv^  is  the  rule  except  in  the  severer  forms. 
Vomiting  frequently  occurs  as  the  patient  is  regaining  conscious- 
ness. Interruption  in  recovery,  prolonged  or  delayed  shock  or  an 
increase  in  the  symptoms  after  the  first  few  hours  usually  indicates 
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i^friffiui  frffinpl'i^-^t'ioufi.     In   *iifnpl*^  shock  or  <?onea«OD   loraiizin^ 
isyrnpUfUM  are  ahr^nt. 

'i,  C^ rubral  fong^ftion. — Th»=-  most  common  eaose  of  congtestion 
of  the  brain  is  Lnolation.  The  onset  of  coma  is  usually  gradual  and 
precede<^I  by  heada^-he  and  d^^-liriom.  The  arterial  tension  is  high; 
pulfte  rapid,  full  »nd  stroncr:  r^piration  often  rapid,  deep  and 
noiMy:  t^mf^erature  usual ly  a  deirree  or  two  above  normal.  The 
history  of  exjKisiire  to  a  torrid  sun.  absence  of  trauma,  and  local 
and  IrK-alizincr  symptoms  different iatc  the  condition  from  brain 
injiirj'. 

4.  <U.rf,hral  anemia. — Aside  from  syncope  and  shock  anemia  of 
the  brain  is  commonly  the  result  of  exsaniruination.  The  diasmosis 
is  made  on  the  historj-  of  Ir^ss  of  blood  and  the  s>Tnptoms,  which 
resfrmble  shrx'k.  Any  dejrree  of  loss  of  consciousness  may  be  pres- 
ent from  sliirht  letharir>'  to  deep  coma.  Delirium  and  convulsions 
may  occur  when  the  hemon-hasje  has  been  sudden  and  profuse. 

B.  Coma  Die  to  Medicinal  and  Other  Extraneous  Poisons 
Cibci:lating  in  the  Hix)OD. — T'nconsciousness  resulting  from  acute 
poiMoninf?  has  always  been  a  source  of  difficulty  in  diagnosing  un- 
consTfiouH  states  due  to  head  injury.  Simple  drunkenness  is  prob- 
ably the  most  common  causff  of  abnormal  unconsciousness  and  the 
frerpiency  with  which  this  condition  Ls  seen,  together  with  the  pre- 
disposition these  cases  show  to  accidental  injury,  makes  the  subject 
an  important  one.  Persons  attemptinfr  suicide  not  infrequently 
take  more  than  one  i)oison  to  accomplish  the  rci^ult  or  may  combine 
poisf)n  with  self-inflicted  injury,  such  as  cuttinjr  the  throat  or 
jumping  from  a  window.  The  diajrnosis  under  such  conditions  is 
rendered  more  difficult  and  jiccordinjrly  the  surjjeon  should  not  be 
satisfied  as  soon  as  a  single  clause  of  unconsciousness  is  found. 
Of  onr^  liundrcd  consecutive  fioison  cases  treated  by  the  author 
thirty-four  were  due  to  oi)iiiin  or  morphine,  twenty  to  phenol,  nine 
to  alcoliol,  seven  to  j)to»rwiiiie,  six  to  chloroform,  four  to  strychnine, 
four  to  ehlonil,  three  to  hiciilorid  of  mercury,  two  to  illuminating 
ixas,  thre<'  were  complicated  by  liysteria,  in  four  the  nature  of  the 
poison  was  unknown  and  in  nineteen  cases  the  poison  was  unusual 
and  has  been  elassifie^l  under  the  heading  ** miscellaneous. *'  Deep 
ef)tna  was  |)resent  in  thirty-six  of  the  liundn^d  cases,  death  resulted 
almost  iniinediately  in  tiv<*  eases  and  in  thirteen  instances  the  cause 
of  poisoninjr  or  coma  was  multiple.  Simple  cases  of  alcoholism 
were  not  included  among  these  cases  except  as  a  complication  of 
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some  other  poison  or  unless  the  case  presented  serious  symptoms. 
Simple  cases  of  hysteria  are  also  excluded  except  as  a  complica- 
tion of  poison.  In  the  majority  of  these  cases,  by  close  examina- 
tion of  the  patient's  surroundings  or  by  inquiry  from  those 
present,  it  was  possible  to  determine  the  nature  of  the  poison  in- 
gested, independently  of  the  symptoms,  presented  by  the  case. 
These  figures  indicate  to  some  extent  the  difficulty  sometimes  ex- 
perienced in  determining  the  cause  of  unconsciousness  and  illus- 
trate the  necessity  of  being  familiar  with  the  symptoms  occurring 
in  the  various  forms  of  poisoning.  In  this  respect  we  have  to  con- 
sider not  only  the  most  frequent  forms  of  poisoning  but  thase  most 
frequently  producing  a  comatose  condition  which  might  be  mistaken 
for  the  unconsciousness  following  head  injury. 

5.  Alcoholic  cotna. — The  condition  is  so  common  that  the  symp- 
toms are  usually  recognized  without  difficulty  as  being  due  to 
alcohol.  The  symptoms  however  are  so  similar  to  the  general 
symptoms  occurring  in  head  injury  that  it  is  sometimes  only  by  the 
most  careful  and  persistent  observation  that  the  existence  of  the 
two  conditions  may  be  recognized  when  they  occur  together.  There 
are  two  types  of  alcoholic  coma  which  deserve  mention;  the  first 
is  the  acute  type  occurring  in  persons  not  habitually  accustomed  to 
the  use  of  alcohol  and  the  second  is  that  of  acute  drunkenness  in 
a  chronic  drunkard.  In  the  first  we  have  simply  the  acute  effects 
of  the  drug,  taken  in  over-dose,  while  in  the  second  we  have  the 
acute  effects  of  the  drug  added  to  the  condition  of  chronic  alco- 
holism. The  generally  unkempt  condition,  bloated  face,  chronic- 
ally inflamed  eyes,  reddened  nose,  putty-like  complexion  with  edema 
beneath  the  lower  eyelids  (usually  indicating  chronic  nephritis) 
all  point  to  chronic  alcoholism.  This  appearance  gives  the  exam- 
iner a  portion  of  the  history  of  the  case  at  a  glance.  The  depth 
of  coma  varies  in  acute  alcoholism  according  to  the  amount  of  al- 
cohol ingested.  It  is  usually  possible  to  rouse  the  patient  by  sud- 
denly producing  pain  such  as  may  be  inflicted  by  supraorbital 
pressure,  by  pressure  behind  the  ramus  of  the  jaw,  by  pressing  a 
lead  pencil  into  the  web  of  the  fingers  or  by  means  of  the  electric 
brush.  When  aroused  he  is  usually  noisy  and  abusive  until  the 
annoyance  is  removed,  when  he  lapses  back  into  his  drunken  sleep 
or  stupor.  If  he  can  be  made  to  talk,  even  if  only  a  little,  the 
characteristic  thick  speech  of  alcoholism  is  recognized.  Some- 
times the  coma  is  extremely  profound  so  that  it  is  not  possible  to 
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rouse  him  by  any  ordinary  means  and  we  are  obliged  to  resort  to 
the  electric  brush.  Repeated  stimuli  will  often  produce  results 
when  a  single  application  of  the  brush  or  of  supraorbital  pres- 
sure would  elicit  no  response.  Alcohol  may  be  detected  on  the 
patient's  breath.  The  clean  fresh  breath  of  simple  acute  alcohol- 
ism is  quite  different  from  the  characteristically  foul  and  oflFensive 
odor  emanating  from  the  mouth  of  a  chronic  drunkard.  The  pu- 
pils are  usually  equal,  slightly  dilated  and  respond  sluggishly  to 
light,  though  they  may  be  either  moderately  contracted  or  dilated. 
The  temperature  is  usually  normal,  unless  he  has  been  exposed  to 
weather  as  frecjuently  occurs  in  drunkenness.  The  pulse  is  as  a 
rule  increased  slightly  in  rate  and  low  in  volume.  Slight  cyanosis 
commonly  occurs  about  the  face  and  neck.  The  respiration  is 
often  blowing  or  stertorous.  The  skin  is  relaxed  and  covered  with 
cold  sweat.  The  deep  reflexes  are  present  though  reduced.  The 
appearance  of  the  patient,  alcoholic  breath,  condition  of  the  pupils, 
respiration,  temperature,  pulse  and  nature  of  the  coma  together 
with  the  absence  of  local  and  localizing  symptoms  will  usually  serve 
to  differentiate  alcoholic  coma  from  brain  injury.  Another  fre- 
quent form  of  unconsciousness  (to  he  taken  up  later  on  page  443) 
is  that  of  apoplectiform  and  epileptiform  convulsions  (commonly 
spoken  of  as  ** whiskey  fits"),  which  occur  in  advanced  cases  of 
chronic  alcoholism. 

6.  Of  Hum  ronw.-  0\n\ini  or  its  alkaloids  is  one  of  the  common 
methods  of  suicide,  and  the  length  of  time  between  ingestion  and 
coma  is  airiplc,  even  when  large  doses  are  taken,  to  permit  the  pa- 
tient already  bent  on  self-destruction  to  meet  with  accident.  The 
condition  due*  to  opium  poisoning  is  characteristic;  the  pulse  is 
slow,  usually  weak;  respiration  extremely  slow  (5  or  6  to  the  min- 
ute), usually  noisy  from  the  relaxed  condition  of  the  soft  palate 
and  lii)s;  temperature  generally  normal,  though  it  may  be  slightly 
subnormal  and  may  rise  preceding  dissolution.  Pupils  are  strongly 
contra<'ted  and  usually  show  little  or  no  tendency  to  react  to  light. 
IiKjuiry  into  the  surroundings  of  the  case  will  generally  disclose 
the  cause  of  the  coma  in  the  form  of  an  empty  labeled  vial  or  box. 
The  history  of  the  case,  the  characteristic  symptom-complex,  the 
abs<»nce  of  local  and  localizing  symptoms  will  readily  differentiate 
the  condition  from  brain  injury. 

7.  Phenol  coma. — Poisoning  from  carbolic  acid,  especially  large 
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doses,  produces  unconsciousness  within  a  short  time  of  ingestion. 
The  skin  is  pale,  cold,  clammy  and  relaxed ;  respiration  stertorous ; 
pulse  weak  and  rapid;  temperature  may  he  subnormal;  pupils 
usually  equal,  dilated  and  either  sluggish  or  rigid.  The  character- 
istic white  eschar  of  carbolic  acid  is  seen  about  the  lips  and  within 
the  mouth,  and  the  characteristic  odor  of  the  poison  permeates  the 
room. 

8.  Chloral  coma. — The  most  characteristic  symptom  of  poison- 
ing from  chloral  is  the  early  and  pronounced  cyanosis  which 
usually  precedes  loss  of  consciousness.  When  coma  develops  it 
rapidly  becomes  profound ;  the  temperature  is  lowered  from  one  or 
two  to  several  degre'es  below  normal ;  the  pulse  is  at  first  soft  and 
slow,  becoming  rapid  and  irregular  as  the  patient  passes  into  a  more 
critical  state;  the  pupils  are  moderately  contracted  early  in  the 
condition,  becoming  dilated  as  the  coma  becomes  more  profound. 
The  patient  is  thoroughly  relaxed  and  the  respiration  is  slow. 
The  functions  of  the  entire  body  are  greatly  depressed.  The  pro- 
nounced lividity,  deep  coma,  muscular  relaxation  and  the  absence 
of  local  and  localizing  symptoms  serve  to  differentiate  the  condition 
from  brain  injury. 

9.  Asphyxia  from  Uluminaiing  gas. — The  patient  smells  strongly 
.of  the  gas.  During  the  coma  the  respiration  is  slow  and  blowy, 
pulse  slow  and  weak,  pupils  sluggish  but  reactive  to  light  until 
shortly  before  death.  Temperature  subnormal.  The  history  of 
the  case  or  the  odor  of  gas  emanating  from  the  patient  will  be 
sufficient  to  determine  the  cause  of  unconsciousness. 

10.  Asphyxia  from  carbon  monoxid. — In  j)oisoiiing  from  carbon 
monoxid  the  clinical  picture  is  quite  different  from  asphyxia  re- 
sulting from  illuminating  gas.  The  patient  is  rigid  and  tremors 
pass  over  the  body,  there  is  slight  cyanosis  and  frequently  a  light 
froth  at  the  mouth.  Respiration  labored,  pulse  weak  and  irreg- 
ular. The  eyes  are  sometimes  open  and  the  patient  may  roll 
them  about  giving  the  impression  of  consciousness,  when  in  reality 
he  knows  nothing  of  his  surroundings.  Vomiting  is  common  and 
on  analysis  of  the  vomitus,  carbon  monoxid  is  found.  Skin  relaxed 
and  covered  with  cold  perspiration.  The  history  of  the  case  hav- 
ing been  exposed  to  carbon  monoxid  and  the  peculiar  symptoms 
will  determine  the  diagnosis. 

11.  Ptomaine  paisoning. — In  poisoning  by  ptomaines  the  onset 
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is  gradual,  accompanied  by  severe  gastro-intestinal  disturbances. 
Coma  is  not  common  and  is  late  in  development.  The  history  alone 
should  serve  to  differentiate  the  condition. 

12.  Coma  from  lead  poisoning  occurs  specially  in  those  persons 
whose  occupation  exposes  them  to  the  fumes  of  the  metal.  The 
onset  of  coma  is  gradual  and  preceded  by  convulsions,  colic,  purg- 
ing and  vomiting.  The  presence  of  lead  in  the  urine  and  the  blue 
line  on  the  gums  will  distinguish  the  condition  from  other  forms 
of  coma  even  if  no  history  is  obtainable. 

13.  Coma  from  belladonna  is  often  preceded  by  convulsions  and 
delirium.  The  temperature  is  raised,  respiration  slow  and  deep 
until  the  patient  is  in  extremis,  pulse  rapid.  Pupils  are  widely 
dilated,  skin  hot  and  dry  and  covered  with  the  characteristic  rash 
produced  by  the  drug. 

14.  Hyocyamus  and  its  alkaloids  dilate  the  pupil  though  not  as 
widely  or  quickly  as  belladonna.  Extreme  dryness  of  the  mouth 
and  throat  is  present,  with  flushed  face.  The  pulse  and  respira- 
tion are  slow  and  the  temperature  may  show  a  rise  though  the 
diaphoresis  produced  by  the  drug  would  tend  to  reduce  this  again. 
Incoordination  is  present  before  the  patient  loses  consciousness 
and  later  on  pronounced  muscular  relaxation  is  present. 

C.  Coma  Following  Chronic  Disease  and  Due  to  Toxins 
Arising  Within  the  Body. — Nephritis  and  diabetes  are  two  con- 
ditions which  we  should  never  fail  to  consider  when  examining 
unconscious  cases.  The  enfeebled  condition  which  these  two  dis- 
eases often  produce  predispose  the  sufferer,  especially  in  cities,  to 
accident.  But,  on  the  other  hand,  the  fact  that  albumin  or  sugar 
is  found  in  the  urine  of  an  unconscious  case  should  not  cause  us 
to  jump  at  the  conclusion  that  the  cause  of  coma  is  necessarily  the 
unconsciou.sness  produced  by  the  disease.  Other  forms  of  un- 
consciousness should  be  excluded  as  far  as  possible,  the  patient 
carefully  watched  for  further  developments,  and  the  proper  treat- 
ment for  diabetic  or  uremic  coma  instituted. 

15.  Uremic  coma. — Uremic  coma  is  usually  of  gradual  onset,  be- 
ing often  preceded  by  headache  and  malaise.  Delirium  and  con- 
vulsions are  usually  present  preceding  absolute  unconsciousness. 
Albumin  and  tube  casts  are  found  in  the  urine  but  their  presence 
aside  from  a  history  of  nephritis  or  other  symptoms  of  the  disease 
is  of  little  diaj^nostic  value  since  they  occur  so  frequently  in  injury 
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and  diseases  of  the  brain  and  other  conditions.  If  the  disease  has 
advanced  far  enough  to  produce  coma,  we  are  almost  sure  to  find 
other  symptoms  of  the  disease  such  as  edema  of  the  legs,  edema 
beneath  the  eyes,  the  facies  peculiar  to  chronic  nephritis  and  the 
characteristic  urinous  odor  to  the  breath.  Uremia  may  simulate 
the  symptoms  of  hvain  injury  more  closely  than  any  other  condi- 
tion. Variations  of  the  pupils,  apparent  paralysis  of  the  extrem- 
ities or  of  one  side  of  the  face,  ocular  deviations,  or  conjugate 
deviation  of  the  head  and  eyes  not  infrequently  occur  and  may 
lead  one,  especially  if  wounds  or  abrasions  of  the  scalp  exist,  into 
making  a  diagnosis  of  intracranial  hemorrhage  or  brain  injury 
when  the  symptoms  are  due  entirely  to  uremia.  These  symptoms, 
however,  are  found  to  change  in  character  and  position  (a  sup- 
posed paralysis  shifting  from  one  member  to  another)  which  is  not 
the  ease  in  organic  lesions  of  the  brain.  A  careful  history  of  the 
case,  the  lack  of  permanency  in  the  false  localizing  symptoms  and 
the  presence  of  other  evidences  of  advanced  nephritis  will  usually 
suffice  in  making  the  differential  diagnosis. 

16.  Diabetic  coma. — In  coma  due  to  diabetes  the  onset  is  vari- 
able; it  may  come  on  rapidly  following  exertion  or  it  may  be 
gradual  and  i)receded  by  nausea  and  vomiting.  Sugar  in  large 
quantities  is  found  in  the  urine  though  this  is  by  no  means  pathog- 
nomonic. It  is  one  thing  to  determine  that  the  patient  has  dia- 
betes and  quite  another  to  prove  that  the  iniconsciousness  is  a 
direct  result-  of  the  disease.  Acetones  are  of  more  value  in  diag- 
nosis than  m  sugar.  The  blood  picture  in  diabetes  is  often  typ- 
ical ;  hyperglycemia  and  i)oly('ytlKMnia  are  usually  present. 
Moderate  leukocytosis  and  beta-oxybutyric  acid  are  almost  con- 
stant in  diabetic  coma.  A  high  percentage  of  fat  is  often  found 
in  the  blood  and  the  red  corpuscles  fail  to  take  the  stain  as  in 
normal  blood.  Boils  or  carbuncles,  or  scars  indicating  their  pre- 
vious existence,  are  sometimes  found  on  the  skin.  The  harsh  dry 
skin,  sometimes  showing  diabetic  bronzing,  localized  gangrene  as- 
sociated with  arteriosclerosis,  onychia,  etc.,  when  present  suggest 
diabetes.  The  breath  often  has  a  peculiar  sweet,  heavy  odor,  char- 
acteristic of  diabetes.  The  history  of  the  case,  examination  of  the 
blood  and  urine,  and  the  presence  of  some  of  the  symptoms  of 
diabetes  above  mentioned  will  usually  disclose  the  cause  of  the 
coma.     In  examining  the  blood   of  these  cases  it  is  essential  to 
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draw  off  a  sufficient  quantity  (8  or  10  c.c.)  to  enable  the  laboratory 
man  to  conduct  a  satisfactorj'  chemical  and  microscopical  exam- 
ination. 

I).  Reflex  Comas  and  Those  Preceding  or  Foux)wino  Acute 
Infections. 

17.  The  acute  exanthemata  of  childhood  are  sometimes  ushered 
in  by  convulsions  and  coma.  This  is  particularly  true  of  scarlet 
fever.  The  eruption  of  scarlet  fever  makes  its  appearance  within 
twenty-four  hours,  following  which  the  coma  passes  off.  The  tem- 
perature in  the  preemptive  stajre  is  usually  high  (104  or  105). 
It  is  often  impossible  to  make  a  positive  diagnosis  before  the  erup- 
tion makes  its  appearance,  yet  by  inquiring  into  the  history  of 
exposure  to  infection  and  the  absence  of  cranial  trauma  together 
with  the  history  of  one  or  two  convulsions  followed  by  coma  and 
high  temperature  should  lead  us  to  suspect  an  acute  infection. 

18.  Conm  due  to  dentitional  or  (fast roint est inal  disturbances  in 
children  will  usually  give  a  history  pointing  to  these  disorders 
prior  to  tlie  onset  of  unconsciousness,  (-oma  is  usually  preceded 
by  convulsions.  The  temperature  is  lower  and  the  pulse  slower 
than  usually  found  preceding  the  acute  exanthemata. 

19.  Comatose  states  devehjnng  durimj  acute  infections  UHually 
come  on  late  in  the  course  of  the  disease  and  in  most  cases  the  pre- 
ceding history  will  be  all  tluit  is  necessary  for  differentiation. 
The  low  muttering  delirium  of  typhoid  and  similar  conditions  is 
too  characteristic  to  be  mistaken. 

K.  DiSKASKS  and  NKtrROSh>^  OK  THE  CENTRAL  XeRVOITS  Sv.STEM 
are    not     iNFRKt^UENTLY    ACCOMPANIED    BY    (.'oMA    and    it    is    oftCU 

difficult  to  (loterrnine  wliether  the  patient  fell  unconscious  because 
of  the  disease  or  whether  uiicons<'iousness  is  the  result  of  head  in- 
jury sustained  in  an  accidental  fall. 

20.  Th(^  ronia  of  hysteria  usually  occurs  in  women,  comes  on 
rapidly  and  iiuiy  be  preceded  or  alteriuite  with  delirium.  The  pa- 
tient frequently  falls  with  the  onset  of  unconsciousnes-s.  but  it  will 
be  noted,  usually  falls  in  a  convenient  place  and  is  not  injured  in 
the  act.  Th(»  pulse  respiration  and  temperature  are  normal  ex- 
cept in  instances  in  which  there  has  been  severe  muscular  exertion 
such  as  occurs  in  hysteria  major.  In  su(;h  cases  the  respiration 
may  be  rapid  but  is  fn^e  and  not  st(»rtorous,  and  the  temperature 
miiv  show  a  degree  or  so  of  eh^vation  with  a  slightly  acceleratf'd 
I)ulse.     When  the  examiner  rais(»s  the  eyelid   for  inspection,   the 


FRACTURES   OF   THE  SKULL  439 

oyeball  presents  a  characteristic  rolling  movement,  with  attempt  on 
the  part  of  the  patient  to  keep  the  pupil  under  cover  of  the  margin 
of  the  lid.  Muscular  resistance  from  the  orbicularis  palpebrarum 
is  also  encountered  in  raising  the  eyelid.  The  pupils  are  usually 
normal  and  react  to  light ;  muscular  exertion,  however,  may  cause 
them  to  be  slightly  dilated.  Suddenly  inflicted  pain  will  usually 
elicit  prompt  response  and  often  results  in  the  surgeon  being 
roundly  scored  for  his  trouble.  In  rare  instances  however  the 
patient  will  witlistand  the  most  severe  supra-orbital  pressure,  re- 
sponding only  with  the  use  of  the  electric  brush.  Evacuations  of 
the  bladder  or  bowel  never  occur  in  hysterical  coma. 

A  clever  malingerer  may  simulate  any  fonn  of  coma  but  for- 
tunately those  who  attempt  feigning  are  usually  not  well  enough 
versed  in  symptomatology  to  produce  a  consistent  picture.  The 
eyeball  is  never  fixed  in  the  malingerer  and  the  pupil  reacts  nor- 
mally to  light.  Sudden  and  repeated  pain  will  elicit  response  as 
in  hysteria.  Convulsions  and  rigidity  are  much  less  common  than 
in  hysteria. 

The  exhibition  of  apomorphine  will  cause  the  hysteric  or  feigner 
to  forget  about  his  unconsciousness  as  soon  as  he  becomes  actively 
engaged  with  the  eflfects  of  the  drug.  Other  causes  of  unconscious- 
ness may  readily  be  excluded  by  the  absence  of  the  symptoms  which 
accompany  real  coma  and  the  fact  that  the  patient  can  be  com- 
pletely roused. 

21.  Unconsciousness  due  to  epilepsy. — The  ordinary  epileptic  fit 
is  of  short  duration,  in  fact  the  surgeon  seldom  arrives  on  the  scene 
in  time  to  witness  the  attack.  If  the  history  of  the  case  can  be 
had  or  the  onset  of  the  attack  is  observed  there*  will  be  little  diffi- 
culty in  differentiating  the  condition  from  other  causes  of  coma. 
The  patient  often  present^s  a  semicoinatose  condition  following  the 
attack  or  may  show  delirium  or  become  actively  maniacal.  The 
tongue  is  often  bitten  during  an  attack  and  in  many  cases  old 
scars  are  present  on  the  tongue  indicating  injury  to  the  organ  in 
previous  convulsions.  In  old  cases  of  epilepsy  it  is  common  to 
find  numerous  old  scars  on  the  scalp  and  face,  the  result  of  injuries 
sustained  in  previous  attacks.  The  history  of  the  case,  the  short 
duration  of  the  unconsciousness  and  the  absence  of  localizing  symp- 
toms will  distingui.sh  the  condition  from  other  forms  of  coma.  In 
status  epilepticus,  however,  one  attack  follows  so  closely  upon  an- 
other that  unconsciousness  is  continuous  and  it  mav  be  almost  im- 
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possible  without  the  history  of  the  case  to  differentiate  between 
this  condition  and  an  acute  cerebral  lesion.  It  should  be  remem- 
bered, in  this  connection,  that  intracranial  hemorrhage  may  result 
from  an  epileptic  attack  and  the  manner  in  which  these  cases  fall 
may  produce  fracture  of  the  skull  or  meningeal  hemorrhage. 

22.  Apoplexy. — Differentiation  between  apoplexy  and  traumatic 
brain  injury  may  under  some  circumstances  be  extremely  difficult. 
The  history  of  the  case  should  be  inquired  into  most  carefully 
with  special  reference  to  the  manner  in  which  coma  developed. 
Apoplexy  is  one  form  of  brain  injury  and  hence  the  symptoms  will 
be  similar  to  those  occurring  as  a  result  of  brain  injury  from 
external  trauma.  When  the  cortex  is  irritated,  as  occurs  in  men- 
ingeal hemorrhage  or  pressure  from  fragments,  the  paralysis  is 
more  likely  to  be  preceded  by  local  spasm; — when  the  damage 
is  done  to  the  tracts  leading  from  the  cortex  as  is  usual  in  apo- 
plexy, the  paralytic  symptoms  are  preceded  by  only  slight  spasm 
if  convulsive  movements  are  present  at  all.  The  local  symptoms 
of  brain  injury  should  be  carefully  looked  for  and  excluded  if 
there  is  any  question  as  to  the  cause  or  site  of  the  hemorrhage. 

Cerebral  embolism,  thrombosis  and  hemorrhage  are  included 
under  the  heading  of  apoplexy,  yet  the  three  conditions  are  so 
different  in  some  respects  that  their  characteristics  will  have  to 
be  considered  separately.  Cerebral  embolism  is  seen  oftenest  be- 
tween the  ages  of  thirty  and  fifty,  occurs  during  physical  activity 
or  when  strain  is  thrown  upon  the  heart  from  any  cause.  A 
previous  history  of  articular  rheumatism  or  chorea  complicated  by 
cardiac  disease  is  usually  obtainable.  If  the  heart  is  auscultated 
murmurs  will  usually  be  noted,  since  the  condition  is  most  often 
the  result  of  vegetative  endocarditis  involving  the  mitral  valve. 
The  onset  of  coma  is  very  sudden,  being  caused,  as  a  rule,  by 
occlusion  of  the  middle  cerebral  artery.  The  lesion  may  be  irrita- 
tive or  paralytic  with  corresponding  motor  increase  or  motor 
loss.  The  cerebral  edema  surrounding  the  area  of  anemia  usually 
clears  up  within  a  few  days,  with  corresponding  diminution  in  the 
extent  of  the  symptoms.  The  only  part  of  the  brain  suffering 
permanent  damage  is  tliat  portion  previously  supplied  by  the 
occluded  artery.  Abscess  or  softening  frequently  follows.  The 
previous  history  of  the  case,  the  presence  of  endocarditis,  the  onset 
of  coma,  and  tlie  absence  of  cranial  trauma  will  usually  be  suffi- 
cient to  differentiate. 
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Cerebral  thrombosis  occurs  most  frequently  between  the  ages  of 
twenty  and  forty  or  after  sixty-five.  When  it  occurs  between 
twenty  and  forty  it  is  usually  due  to  syphilis,  and  other  symptoms 
of  this  disease  will  be  present.  Other  debilitating  conditions  how- 
ever may  be  responsible  for  thrombosis,  such  as  tuberculosis,  can- 
cer, primary  anemia,  hemorrhage,  diabetes  and  pregnancy.  When 
thrombosis  takes  place  after  sixty-five  it  is  almost  invariably  due 
to  arteriosclerosis.  It  usually  occurs  during  sleep  or  similar  states 
of  inactivity  in  which  the  blood  pressure  is  lowered  or  the  viscosity 
of  the  blood  increased.  The  history  usually  shows  previous  at- 
tacks of  dizziness  or  periods  of  weakness  or  paresthesia  in  an  ex- 
tremity lasting  a  few  hours  or  days.  The  onset  of  coma  is,  as  a 
rule,  gradual  and  progressive  and  since  the  pathologic  process  most 
frequently  occurs  in  the  cortical  veins  the  symptoms  are  at  first 
irritative  in  character.  Aside  from  weakness,  the  common  aura 
consist  of  attacks  of  vertigo,  aphasia,  local  peripheral  muscular 
twitchings  or  spasm,  or  disturbances  in  sight.  The  lesion  produces 
more  damage  than  takes  place  in  embolism  and  the  symptoms  in- 
dicate progress  as  the  thrombus  extends  in  the  vessel,  including 
additional  branches.  In  some  instances  the  thrombus  may  extend 
around  under  the  base  of  the  brain  involving  centers  of  the  op- 
posite side.  Thrombosis  in  the  aged  is  a  freciuent  source  of  cere- 
bral softening;  abscess  is  relatively  rare.  The  gradual  onset  of 
unconsciousness,  progressive  nature  of  the  localizing  symptoms, 
lowered  blood  pressure,  and  the  previous  history  of  the  case 
should  diflFerentiate  the  condition   from  traumatic  head  injury. 

Cerebral  hemorrhage  most  often  occurs  between  the  ages  of 
forty  and  sixty.  It  may  take  place  prior  to  forty  in  persons  suf- 
fering from  premature  arteriosclerosis  or  in  conditions  which 
predispose  to  arterial  disease  or  sudden  elevation  of  blood  pressure. 
The  onset  is,  as  a  rule,  sudden  and  the  cerebral  damage  Ls  done  at 
once;  the  usual  seat  is  tlie  lenticulo-striate  artery  with  accompany- 
ing injury  to  the  internal  capsule  which  results  in  a  hemiplegic 
syndrome.  If  the  hemorrhage  is  sufficient  to  break  into  and  flood 
the  ventricles  the  symptoms  will  be  bilateral  from  the  first  and 
usually  terminate  fatally.  In  the  coinmon  form  of  cerebral  hemor- 
rhage the  patient  falls  as  if  struck  down,  and  becomes  rapidly  un- 
conscious with  turgescence  of  the  face  and  neck.  Heiniplegia, 
variations  in  respiration,  flaccidity,  sphincteric  disturbances  and 
conjugate  deviation,  are  some  of  the  symptoms  which  may  occur 
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in  both  apoplexy  and  fracture  of  the  skull  with  cortical  pressure, 
so  that  it  is  impossible  in  some  cases  to  distinguish  between  the 
two  conditions  by  the  general  and  localizing  symptoms  alone. 
The  similarity  in  the  localizing  symptoms  of  the  two  conditions  is 
due  to  the  similarity  in  the  lesions.  In  apoplexy  however  the 
paralysis  is  more  likely  to  involve  the  entire  side  (i.e.,  hemiplegia) 
because  of  the  small  territory  occupied  by  the  fibres  as  they  pass 
through  the  internal  capsule;  in  fracture  of  the  skull  it  would 
require  an  unusually  large  clot  or  area  of  depressed  bone  to  in- 
clude all  the  cortical  centers  for  the  entire  opposite  side  of  the 
body.  In  apoplexy  the  extent  and  degree  of  paralysis  rarely  in- 
crease, because  the  damage  to  the  internal  capsule  is  completed 
at  the  time  of  the  stroke;  in  meningeal  hemorrhage  it  is  not  un- 
common to  see  the  region  of  paralysis  extend  and  become  more 
pronounced  as  tlie  clot  grows  larger,  involves  more  centers  and 
produces  greater  pressure.  Monoplegias  therefore  are  more  com- 
mon in  cortical  lesions  than  in  cerebral  hemorrhage.  Monoplegic 
forms  of  cerebral  hemorrhage  however  are  sometimes  seen  in  in- 
stances  in  which  some  small  artery  other  than  the  lenticulo-striate 
is  ruptured  producing  paretic  or  irritative  symptoms  according 
to  the  seat  of  hemorrhage.  The  ingravescent  form  of  cerebral 
hemorrhage  is  extremely  rare,  the  symptoms  are  gradual  and  pro- 
gressive in  onset,   and   it  usually  terminates  within  a  few  days. 

The  similarity  in  the  two  conditions  may  be  extremely  confusing 
at  times,  especially  if  an  apoplectic  has  sustained  a  scalp  wound  or 
other  head  injury  in  the  fall  accompanying  the  stroke.  Most 
careful  inquiry  should  be  made  into  the  history  of  the  case  and 
the  onset  of  uneon.sciousness.  A  careful  examination  of  the  head 
for  the  local  symptoms  of  fracture  of  the  skull  will  often  clear 
the  diagnosis  in  doubtful  cases.  Fracture  of  the  skull  with  local- 
izing symptoms  usually  shows  more  pronounced  and  earlier  pupil- 
lary inequalities  than  occur  in  cerebral  hemorrhage. 

23.  Cerebral  syphilis  usually  occurs  between  the  ages  of  twenty- 
five  and  fifty.  When  coma  develops  in  the  course  of  this  disease 
it  is  usually  slowly  progressive  and  not  deep  at  the  onset.  Severe 
headache,  especially  during  the  afternoon  and  evening,  i)ain  in 
the  shin  bones,  monocular  palsies  and  the  symptoms  of  cerebral 
thrombosis  above  referred  to  commonly  precede  loss  of  conscious- 
ness. Other  symptoms  of  syphilis  are  likely  to  be  present  if  the 
coma  is  due  to  this  disease.     In  some  instances  a  definite  historv- 
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of  specific  infection  is  obtainable  but  on  the  other  hand  the  de- 
termination of  syphilis  should  not  lead  us  to  consider  this  the  cause 
of  coma  without  a  thorough  examination  for  and  exclusion  of  frac- 
ture of  the  skull,  especially  in  cases  which  are  known  to  have  met 
with  accident.  In  doubtful  cases  the  Wassermann  blood-test  should 
be  made. 

24.  Cerebral  meningitis. — It  is  uncommon  for  cerebral  menin- 
gitis and  cerebral  trauma  to  be  associated  or  confused.  Acute 
cerebral  meningitis  is  usually  caused  by  the  pneumococcus, 
Weichelbaum 's  meningococcus,  or  occurs  as  a  part  of  other  acute 
infectious  processes  especially  in  childhood.  The  history  of  the 
disease  preceding  unconsciousness  is  almast  invariably  obtainable. 
Headache,  vertigo,  chills  or  general  convulsions  precede  the  rapidly 
deepening  coma.  Rigidity  of  the  neck  muscles  with  retraction  of 
the  head  is  present  and  if  the  patient  is  not  absolutely  uncon- 
scious, motion  of  the  head  will  be  resisted  and  cause  him  to  cry 
out.  Opisthotonos  develops  when  the  spinal  membranes  become 
involved.  The  temperature  is  usually  raised  though  it  may  be 
subnormal  from  the  onset.  The  pulse  is  slow  and  irregular  and 
the  respiration  increased.  Unilateral  convulsions  may  occur.  The 
leukocyte  count  is  high.  Lumbar  puncture  is  of  great  value  in 
diagnosis.  The  hi.story  of  the  case,  characteristic  symptoms,  and 
absence  of  head  trauma  will  usually  render  the  diagnosis  easy. 

25.  Abscess  of  the  brain. — Abscess  of  the  brain  may  occur  at 
any  age.  Two-fifths  of  the  cases  are  the  result  of  suppurative 
otitis  media;  suppurative  processes  within  the  chest  are  responsible 
for  a  large  proportion  of  the  remaining  three-fifths.  The  usual 
early  symptoms  resemble  those  of  embolism.  The  middle  stage  of 
cerebral  abscess  is  quiescent.  The  third  stage  develops  when  rup- 
ture occurs.  Absolute  coma  occurs  late  and  is  gradual  in  onset 
except  when  it  accompanies  rupture  and  then  the  symptoms  simu- 
late those  occurring  in  both  meningitis  and  cerebral  hemorrhage. 

26.  Tumor  of  the  brain. — The  history  shows  headache,  cerebral 
vomiting,  choked  disc,  and  a  slow  pulse.  The  onset  of  coma  is 
slow.  When  the  history  can  be  obtained  the  condition  should 
never  be  mistaken  for  brain  trauma. 

27.  Apoplectiform  and  epileptiform  ronvnlsio7is  occur  chiefly  in 
arterial  diseases  of  the  brain  such  as  seen  in  alcoholism,  uremia, 
paretic  dementia,  tumor  of  the  brain  and  disseminated  sclerosis. 
The  most  common  form  is  that  occurring  in  chronic  alcoholism. 
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The  essentials  of  the  condition  are  the  convulsions  followed  by 
coma,  in  some  cases,  with  symptoms  which  at  first  appear  as  local- 
izing symptoms  but  are  evanescent  in  character.  The  history  of 
previous  disease  and  the  transitory  character  of  the  symptoms 
will  render  the  diagnosis  easy. 

Treatment. — Each  case  must  be  considered  by  itself,  with  special 
reference  to  the  different  symptoms  displayed.  For  example:  a 
given  case  may  show  a  scalp  wound  and  bony  depression  in  the 
region  of  the  middle  meningeal  artery  with  profuse  and  dangerous 
hemorrhage,  so  that  operation  with  elevation  of  the  fragments  and 
hemostasis  is  the  prime  requisite  of  treatment.  Another  case  may 
show  the  most  profound  shock  without  signs  of  increased  intra- 
cranial pressure,  the  condition  being  such  that  the  added  physio- 
logical insult  of  operation  could  have  only  a  fatal  outcome  if 
performed  before  reaction  takes  place.  In  this  type  of  case  stimu- 
lation is  indicated  regardless  of  localizing  symptoms  in  order  that 
the  patient  may  regain  sufficient  resistance  to  withstand  the  neces- 
sary surgical  procedure.  Still  another  case  may  show  but  little 
shock  and  only  semiconsciousness,  with  symptoms  of  increasing 
intracranial  pressure  and  paralysis  indicating  the  region  of  cortical 
damage.  Under  such  circumstances  expectant  treatment  might 
soon  see  the  patient  in  such  a  state  of  collapse  that  operation  would 
be  useless,  or  if  this  did  not  occur  the  chances  of  complete  cortical 
recovery  might  be  reduced  with  every  hour  of  delay.  The  most 
seasoned  surgical  judgment  and  acumen  are  necessary  to  deter- 
mine when  to  operate  and  when  to  leave  the  patient  surgically 
alone.  In  the  treatment  of  fracture  of  the  skull  we  must  keep 
in  mind  the  unfavorable  late  symptoms  and  sequelae  which  so  often 
follow  head  injuries,  especially  when  unoperated. 

If  the  condition  of  the  patient  does  not  call  for  immediate  op- 
eration he  should  be  put  to  bed  and  measures  instituted  for  the 
alleviation  of  shock.  TTot  water  bottles  or  some  other  form  of 
artificial  heat  is  essential  in  the  treatment,  but  the  greatest  care 
should  be  exercised  to  avoid  burning  the  patient,  since  with  un- 
consciousness the  protective  pain  and  temperature  sen.se  is  absent. 
The  patient  may  be  wrapped  in  blankets  ]^reviously  warmed  by 
the  fire.  The  electric  heat  blanket  is  of  great  advantage,  but  is 
usually  available  only  in  hospitals.  It  is  essential  that  a  chart  be 
begun  as  soon  as  possible;  it  should  contain  records  of  the  pulse, 
respiration  and  temperature   at   frequent  and  regular  intervals; 
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pnpillar}"  changes  and  alt<M*atioiis  in  the  depth  of  mieonseiousness, 
especially  a  return  to  the  uneonseious  st^ite  after  a  Ineid  interval, 
should  be  uoted.  If  general  or  local  spasms  oeetir  they  should  he 
entered,  and  when  the  necess^ary  apparatus  is  at  hand  records  of 
the  hlmnl  pressure  should  he  nuide  every  honr  or  every  two  hours 
until  the  necessity  of  operative  intervention  is  determined.  Tho 
iu*ed  of  iutelli<j:ent  and  eonipeteiit  okservation  and  nursinpr  is  too 
apparent  to  require  special  mention. 

No  hard  and  fast  rule  can  he  laid  down  as  to  the  use  of  stirau* 
lants  and  sedatives;  it  will  he  neeessary  to  wateh  the  patient  care- 
fidly  and  use  drn^^**  as  indicated.  Strychnine  sulphate  is  a 
valuable  stimulant  hut  must  he  used  with  due  regard  for  the  pos- 
sible harm  it  may  acconi[>lish  in  intracranial  heniorrhage.  In 
some  cases  the  collapse  tjiay  he  so  eritieal  that  sjirnulation  is  de- 
nmnded  to  avert  death,  even  though  tl»ere  are  indieations  of 
incri^ased  intracranial  tension.  In  such  instam-cs  stimulation  may 
render  operation  possible,  Ihus  affording'  the  surj^con  oppfn'tunity 
for  the  removal  of  meningeal  clot.  Nitroglycerine,  in  some  cases, 
will  nu'nimize  the  danper  which  may  accompany  the  use  of  strych- 
nine. Tain  or  extreme  restlessness  may  call  for  the  exhibition  of 
opium,  though  it  is  usually  unwise  to  use  this  drug  in  head  in- 
juries, espe(*ially  before  the  diagnosis  is  properly  established.  We 
may  otherwise  obscure  symptoms  of  the  greatest  importance;  thus 
a  return  to  the  uneonscious  state,  a  most  significant  happening, 
might  not  be  recognized  if  the  patient  had  just  previously  received 
a  hypodermic  injection  of  morphine.  Bromides,  ehloral  and 
codeine  are  at  times  usefaL  In  cases  of  sus[>ccted  fracture  or 
those  in  which  the  fracture  is  diagnosed  but  operation  is  not 
deemeil  advisable,  the  patient  should  be  kept  at  rest  in  bed  for 
at  least  ten  days  and  earcfully  watched  for  untoward  symptoms. 
A  chart  aliould  be  kept,  as  previously  described,  for  the  purpose 
of  accurately  determinincr  the  course  the  case  is  taking.  Absolute 
rest  and  quiet  are  esseutiah  If  the  patient  is  unconscious  suflfi- 
ciently  long  to  allow  the  bladder  to  become  distended  the  catheter 
should  he  used  at  rejiular  inten^als. 

Fracture  of  the  skull  niay  be  rendered  compound  by  scalp 
wounds  or  by  the  line  of  fracture  in  the  base  establishing  com- 
tnunic-atiori  with  the  nasal  or  oral  cavities,  or  by  involvement  of 
the  petrous  portion  of  the  temporal,  and  when  such  is  the  case 
measures  should  be  instituted  to  prevent,  as  far  as  possible,  tho 
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passagre  of  infoction  from  these  cavities  to  the  meninges,  and  no 
form  of  treatment  is  permissible  which  produces  an  increased 
pressure    (either  fluid  or  gaseous)   within  these  cavities. 

The  Ear. — Dis(*harges  of  blood  or  serum  from  the  ear  call  for 
a  loose,  copious  gauze  dressing  which  will  absorb  the  fluids  as  fast 
as  they  come  from  the  external  auditory  canal.  The  common 
practice,  of  douching  the  canal  with  antiseptics  is  pernicious,  since 
by  this  means  infection  is  more  often  carried  inward  than  is  steri- 
lization accomplished.  The  canal  should  not  be  plugged  with 
cotton,  as  commonly  practiced,  since  this  can  only  tend  to  dam 
the  fluids  back  instead  of  allowing  their  free  and  prompt  escape. 
If  clots  of  blood  form  within  the  external  auditory  meatus  they 
should  be  removed  with  a  sterile  ear-hook  so  that  the  canal  may 
be  kept  open.  Fracture  of  the  base,  allowing  the  escape  of  blomi 
within  the  cranium  or  into  the  petrous  portion  of  the  temporal, 
is  much  more  favorable  in  outlook  if  this  blood  makes  its  escape 
through  the  ear. 

The  vpper  part  of  the  vasal  cavity  and  of  the  naso-pharynx  are 
sometimes  the  seat  of  basal  fractures  which  establish  communi- 
cation between  these  cavities  and  the  meninges.  When  such  is  the 
case,  as  commonly  indicated  by  hemorrhage  or  the  escape  of 
cerebrospinal  fluid,  the  nose  and  mouth  should  receive  the  most 
careful  attention.  The  nose  should  be  kept  free  and  clean  by  the 
removal  of  clots  forming  in  the  lower  part  of  the  nose.  Alkaline 
washes,  when  properly  used,  may  facilitate  the  removal  of  these 
clots,  but  violent  douchings  or  syringings  should  be  avoided,  lest 
they  carry  infection  into  or  through  the  line  of  fracture.  For 
similar  reasons  the  patient  should  not  be  allowed  to  blow  his  nose, 
and  if  coughing  occurs  it  must  be  controlled  by  sedatives.  Scre- 
atus  will  draw  the  secretions  through  the  posterior  nares  and, 
since  it  is  accompanied  by  the  same  result,  a  negative  air  pressure 
within  the  nasal  cavities  is  to  be  recommended  instead  of  blowing 
the  nose.  Hemorrhage  from  the  nose,  unless  severe,  does  not  call 
for  checking,  and  plugging  of  the  nostrils  only  results  in  the 
accumulation  of  foul  and  infectious  clots  within  the  nasal  cavities. 
The  mouth  should  be  frequently  washed  out  and  the  teeth  cleansed 
with  potassium  chlorate  tooth  paste.  The  cleansing  and  treatment 
of  scalj)  wounds  has  already  been  described;  when  fissures  or  de- 
pressions exist  at  the  bottom  of  the  wound  irrigation  is  contra- 
indicated. 
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Operative  TreatmeBt.— Operative  trt^jitment  is  called  for; — in 
tlie  trcatineTit  of  scalp  woiiiifls,  for  the  plevation  of  depressed  frai^- 
ineiits  ill  either  siiiiple  or  eoiti]HHmd  rnic'tiire  of  the  vault,  for 
alleviation  of  menirii^eal  heinorrhagfe»  for  the  removal  of  forei^ni 
bodies  within  the  skidl,  for  tlie  eorrt^etion  of  seeondary  eorapliea- 
tions  sneh  a^s  eortieal  irritation  resulting  from  oh!  sears,  and  for 
tht'  treatnient  of  tumors,  abseesses  or  softening.  In  rlepression  of 
the  vault  it  is  often  passible  to  elevate  and  remove  ttie  fratrments 
with  a  heavy  rat-tooth  foreeps ;  hut  in  other  in.stanees  it  may  he 
nf*ee8J*ary  to  trephine  on  I  in*  solid  si(h'  of  one  of  the  niargriiis  of 
the  defiiession,  to  introdurp  an  elevator  ht m^ath  tlie  fra^rnients.     A 


Fi^.  ri3;'. 


Fig,  533. — Dia^Am  indirtilum  the  h\e\it»  in  opening  tb*'  skull  b>  aieuiiH  i«f  nn 
(MtcopliiKtie  finfi,  1,  S,  3  imd  4  indimte  the  pofiilion^  of  trephine  cipeniiigs.  BoVhI 
lln<*«  mdicate  divisian  of  skutl.  Line  3-4  indicAte^  whp«-»  ihe  flap  ia  iurned  Uutk, 
Dottfd   h*n(>   indicaies   flkin    ini'iftion. 

Fig,    534, — Bhows   the  raolor  orea  cxposi'd   wlien   the  flap   is  turned  back, 

Kiiuple  fissure  withont  loi*alixinir  .symptoms  or  inilieationn  of  intra- 
cranial pressure  does  not  neeessarily  eall  for  opening  of  the  hUuII, 
but  in  many  easu^s  the  safest  plan  will  he  the  exebision  of  menin- 
geal eomplieatiou  by  operative  intervention.  Of  the  various  meth- 
od.s,  however,  whieh  have  bi^en  employed  for  the  rmnoval  of  a 
menins^eal  clot,  the  ostt^opbiHtie  flap  is  the  most  satisfactory.  It  is 
often  diffienlt  to  accurately  deierniine  the  site  of  the  heniorrha«:e, 
even  when  loealizinp:  symptoms  are  present,  and  if  an  opening  in 
tile  skull  no  larger  than  that  protlueed  by  the  ordinary  trephine  is 
made,  the  chances  of  failure  in  loeatintjf  the  clot  are  nmny.  The 
change  in  recent  years  from  hiuiple  trephining  to  the  use  of  the 
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osteoplastic  flap  has  inaton«lly  reduf^ed  the  perppntage  of  operative 
failures.  In  makiiiL^  an  o^^teoplustio  flap  a  U-shaped  ineision  with 
the  convexity  upward  is  made  through  the  jw^alp  and  down  to  the 
bone,  thf  skull  is  exposed  and  two  small  trephine  openings  are 
made  at  tlie  upper  angles  of  the  <iuadrilateral  section  of  bone  to 
be  displaced.     A  grooved  director  is  then  introduced  into  one  of 


Filt.   535,— DeVilbifti    bonr  > 


forcep«    used    in   mftkinf   tli«   oateopliifttti:    fl»p    of 


the  openiuijs  and  jiassed  Tjctween  the  dura  and  the  skull  in  the 
direetiou  of  the  opeuiug  in  the  adjoining  angle;  by  this  means 
ft  Gigli  wire  saw  is  passed  froui  one  opening  to  the  other  and  the 
hone  between  the  two  cut  witii  the  divider  in  place  to  protect  the 
meninges.  If  the  upper  border  of  the  bone  flap  is  beveled  at 
the  expense  of  the  inner  table,  while  heinsr  eut  with  the  saw,  it 
will  prevent  subseipient  iiiw^ird  displacement.     The  vertical  sides 


Fl^.  SaS. — BmaM  trephine  employed  in  mRkiiiK  an  mteoplnitic  flnp.  Tb«  open- 
\Bg  msd«  with  thb  InBirument  rnny  htf  uB(^d  to  mtrodu<?«  tbe  QigM  snw.  or  «  bone- 
cuUing:  forceps  »ucli  ai  the  DDVilbies  may  be  ujsM.      (See  Fig.  535,) 

of  the  bone  flap  are  then  mede  by  cut  ting  the  sl^idl  with  DeVilbisa 
forceps,  beginuiug  at  the  trci>hine  openings.  After  the  three  sides 
are  completed  the  base  is  broken  and  the  flap  turned  back.  The 
DeVilhisB  cutting  forceps  may  be  used  itistead  of  the  saw  in  con- 
necting the  trephine  openiuus,  tbe  bone  having  been  previously 
separated  from  the  underlying  dura.     Those  skilled  in  tho  luse  of 
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the  chisel  and  mallet  divide  tlie  bon^  with  eonsiderahk  facility, 
though  this  prcK'odiire  is  not  to  be  rt^t'o  in  mended  because  of  the 
shock  so  commoiilj  produced  by  the  hammering,  (For  the  course 
of  the  middle  meningeal  artery  and  common  sites  of  meniivsreal 
hemorrhage,  Kee  ''Siirgieal  Auatom3%''  pa^e  396.)  After  tlie  flap 
has  been  made  and  turned  back  the  elot  should  be  removed  with 
the  least  possible  trauma  to  the  underlyioi^  brain.  Ttie  artery 
from  which  the  hemorrhage  occurred  is  to  be  secured  and  iigated. 
Subdural  clots  or  bleeding  may  be  present,  necessitating  the  open- 
ing of  the  dura  to  reach  tlie  eollection  of  blood.  In  closing;  the 
wound  the  dnral  edges  should  be  earefnUy  approxinmted  with  bno 
suture  material  after  all  hemorrhage  iuis  been  properly  controlled. 
In  cases  of  marked  inercBSKl  intracranial  tension  it  may  be  im> 
possible  to  bring  the  edges  of  the  dnra  together,  or  if  such  is  done» 
the  object  of  the  operation  is  to  some  extent  defeated,  if  it  has 
been  performed  for  decominession.  In  such  instances  the  dural 
defect  may  be  provided  for  by  the  transplantation  of  a  section  of 
fascia  lata.  This  pre%'ents  adhesions  between  the  brain  and  scalp 
and  at  the  same  time  allows  an  inerease  in  intracranial  capacity 
Plastic  sliding  operations  on  the  scalp  may  be  performed  when  the 
osteoplastic  flap  cannot  be  brought  back  into  accurate  apfiosition 
liecause  of  extrusion  of  the  brain  and  dnra.  Tjumliar  puncture 
will  facilitate  closure  of  the  scalp  and  skull  in  an  otherwise  diffi- 
cult case  and  is  attended  by  less  danger  if  the  sknll  is  open  at 
the  time  the  cerebrospinal  fluid  is  withdrawn.  Cushing*s  cross- 
bow incision  may  be  employed  in  opening  the  posterior  fossa ^ 
though  the  results  of  decompressive  operiitioiis  in  this  rt^gion  have 
not  been  as  satisfactory  as  one  might  w^ish.  The  positions  of  the 
sinusejs  in  this  part  of  the  skull  must  be  kept  in  mind  when  op- 
erating in  this  region. 

Prognosis. — The  prognosis  of  head  injuries  is  as  varied  as  the 
iubject  itself.  The  outlook  will  depend  largely  npon  the  damage 
sustained  by  the  cranial  contents  at  the  time  of  the  accident  and, 
inftsrauch  as  it  is  sometimes  most  difficult  to  determine  the  extent 
and  severity  of  this  dain;ige,  it  will  be  proportionately  bard  to 
state  just  what  the  ontrome  may  be.  In  addition  to  tlie  traumatic 
elements  we  will  have  to  consider  the  chances  of  infection  and 
meningitis  when  the  fracture  is  compoiuul.  It  is  next  to  impossi- 
ble to  state  in  a  given  case  whether  or  not  the  patient  will  in  the 
future  develop  traumatic  epilepsy,  suffer  from  chronic  headache, 
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verti«:o  and  other  late  symptoms,  or  that  he  will  or  will  not  develop 
cerebral  tumor,  abscess,  gumma  or  softening.  In  a  general  way 
it  may  be  stated  tliat  the  more  severe  the  trauma,  and  the  more 
pronounced  the  symptoms,  the  greater  the  danger  of  an  early, 
fatal  termination.  The  prognosis  as  to  life  is  good  in  cases  which 
survive  the  fir.st  forty-eight  hours  following  the  injury.  Rigidity 
of  the  pupils,  especially  in  dilatation,  is  commonly  followed  by 
death.  Pronounced  disturbances^  in  respiration,  temperature  and 
pulse  whether  early  or  late  in  the  case,  render  the  prognosis  grave. 
The  mortality  and  the  development  of  sequelae  have  been  materi- 
ally reduced  by  operation  in  selected  cases.  Fracture  of  the  base 
more  often  produces  death  than  fracture  of  the  vault.  Of  frac- 
tures of  the  base  those  involving  the  posterior  fossa  have  the  high- 
est mortality,  those  of  the  anterior  fossa  the  lowest,  while  fractures 
of  the  middle  fossa  occupy  an  intermediate  place.  This  difference 
in  mortality  is  largely  due  to  the  positions  of  the  important  basal 
ganglia,  and  to  the  fact  that  hemorrhage  into  the  anterior  or  mid- 
dle fossffi  usually  makes  its  escape  without  difficulty  through  the 
mouth,  nose  or  ears.  Meningitis  more  commonly  follows  fracture 
of  the  anterior  and  middle  fossae,  though  the  dangers  from  this 
complication  by  no  means  equal  the  deadly  effect  of  pent-up  hem- 
orrhage within  the  posterior  fossa.  The  development  of  new  and 
signiticant  symptoms  during  the  course  of  the  case  may  so  alter 
the  general  aspect  in  diagnosis,  treatment  and  prognosis  that  it 
will  be  unwise  for  the  surgeon  to  make  any  detinite  forecast  early 
in  the  condition.  A  most  valuable  aid  in  prognosis  will  be  found 
in  a  (*areful]y  kept  and  complete  chart  which  points  accurately  to 
changes  occuri  ing  in  the  case  and  shows  whether  the  symptoms  are 
increasing  in  severity,  or,  on  the  other  hand,  are  becoming  less 
pronounced. 

Late  Symptoms  and  Sequels  Following  Head  Injuries. — The 
immediate  recovery  and  the  after-effects  in  fracture  of  the  skull 
do  not  bear  any  constant  relation  to  each  other,  nor  are  the  late 
conditions  developing  in  the  course  of  the  case  necessarily  propor- 
tionate to  the  extent  and  severity  of  the  original  damage. 

The  symj)toms  of  tumor,  gumma  or  abscess  of  the  brain  may 
make  their  ap[)earance  months  or  even  years  after  the  original 
injury,  following  an  interval  of  apparent  recovery.  In  other  in- 
stances tiie  symptoms  of  the  sequelae  may  develop  before  the  pa- 
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tient  has  recovered  from  the  acute  condition  of  fracture  of  the 
skull. 

The  unfortunate  condition  of  some  of  these  patients  is  known 
to  those  who  have  attended  larg^e  clinics  for  any  considerable 
period.  The  head  pains,  epileptic  convulsions,  subjective  sensory 
disturbances,  psychic  changes  or  paresthesis  often  unfit  the  sufferer 
for  the  sociologic  demands  of  his  surroundings,  and  he  haunts  the 
clinics  or  passes  from  one  surgeon  to  another  with  the  persistent 
hope  that  some  new  operation  or  different  type  of  surgical  pro- 
cedure may  afford  him  relief.  The  peculiar  way  in  which  tliese 
patients  attempt  to  figure  out  the  details  of  intracranial  derange- 
ment and  their  fixed  opinions  concerning  the  manner  in  whieli  the 
.surgeon  should  correct  the  trouble,  are  often  characteristic.  Epi- 
lepsy following  fracture  of  the  skull  is  not  uncommon  and  often 
assumes  the  Jacksonian  type.  When  the  convulsions  are  focal  in 
character  and  have  not  been  allowed  to  persist  for  a  period  of 
more  than  two  years  the  chances  of  recovery,  as  a  result  of  op- 
erative intervention,  are  good  if  the  causative  cortical  irritation 
is  corrected  or  tlie  area  of  the  cortex  in  which  the  convulsion 
begins,  is  removed.  When  the  non-focal  form  of  epilepsy  follows 
fracture  of  the  skull  it  is  not  so  easily  controlled,  the  treatment 
being,  as  a  rule,  medical. 

('hronic  headache  often  begins  in,  or  is  confined  to,  the  region 
of  the  original  injury  and  may  be  dependent  upon  cortical  irri- 
tation. When  such  is  the  case,  0[)erations  for  its  relief  may  be 
successful,  as  in  focal  epilepsy.  In  other  instances  the  headache 
is  general  and  the  outlook  for  surgical  relief  is  not  .so  lioi)eful. 
Pain  in  the  nerves  of  the  scalp,  which  is  sonietimes  produced  by 
cicatricial  contraction,  or  pain  in  some  of  the  cranial  nerves,  as 
a  result  of  injury,  is  not,  strictly  speaking,  hea<lache,  and  should 
be  dealt  with  according  to  the  peculiarities  of  the  individual  ease. 
( 'hronic  headaches  following  fracture  of  the  skull  deserve  the  most 
careful  neurological  study  in  order  that  the  cause  may  be  d(»ter- 
mined,  when  possible,  and  relief  afforded. 

Vomiting,  vertigo,  and  disturbances  in  hearing  are  sometimes 
persistent  and  extremely  distressing  to  the  patient.  Little  in  the 
way  of  radical  treatment  can  be  accomplished  for  these  conditions; 
sedatives,  depressants  and  i)roper  hygieni<»  surroundings  are  about 
all  that  can  be  done  for  their  relief,  with  the  ho[)e  that  they  will 


452  FRACTURES  AND  DISLOCATIONS 

in  time  lessen  in  degree  and  finally  disappear.  When  these  symp- 
toms occur  as  a  result  of  cerebral  abscess,  tumor  or  softening,  the 
treatment  becomes  that  of  the  causative  lesion.  Psychic  changes 
are  not  infrequently  observed  following  fractures  of  the  skull, 
particularly  in  injury  to  the  frontal  lobes.  The  extent  of  the 
frontal  lobes,  however,  and  the  variability  in  the  proportion  exist- 
ing between  lesion  and  symptoms  renders  the  subject  of  localiza- 
tion extremely  difficult  unless  local  symptoms  exist  pointing  to  the 
exact  region  of  damage,  and  even  in  instances  in  which  a  visible 
depression  on  the  forehead  indicates  the  site  of  fracture  and  corti- 
cal displacement,  the  results  of  operation  are  by  no  means  uni- 
formly satisfactory. 

The  patient  may  show  a  simple  weakness  of  intellect,  the  com- 
prehension being  dull  and  slow,  or  he  may  present  an  irritability 
and  temperamental  change  entirely  foreign  to  his  disposition  prior 
to  the  accident.  Lassitude  and  aversion  to  either  physical  or 
mental  activity  are  common  among  the  psychic  changes.  It  not 
uncommonly  happens  that  the  patient  is  persistently  possessed  of 
abnormal  fears  and  apprehensions  regarding  his  physical  welfare, 
domestic  relations  or  business  responsibilities.  The  fear  of  failure 
is  sometimes  such  an  obsession  that  the  patient  refuses  to  even 
attempt  anything  in  the  way  of  resuming  his  former  occupation. 
It  should  not  be  understood  that  such  fears  are  without  any  real 
foundation  in  fact,  yet  when  they  do  exist  it  is  usually  noted  that 
the  real  degree  of  unfitness  is  by  no  means  proportionate  to  his 
own  sense  of  incapacity.     In  rare  instances  insanity  may  follow. 


Oitt^TER  XXXIL 

FRAt TURKS  OF  THE  STKIINrM. 

Surgical  Anatomy. — T\w  sternum  is  rarely  fractured.  Firstly, 
because  of  tiif^  juotei'tiuu  artordcd  l>y  the  awns  in  ease  of  aceideut, 
and  secondly,  because  of  itsj  situation  and  structure.  It  is  composed 
of  a  soft,  spongy  tissue  encased  in  a  layer  of  eompact  bone,  and  is 
supported  by  tlie  ribs  and  costal  eartiUiges  wliif*h  aet  as  a  series  of 
springs  which  absorb  and  modify  shock. 

The  sternum  is  usually  ossified  from  six  t^(^utcrs;  (Hie  ea<'b,  for  the 
niauubriuni   and  enHifurm   ai>pendix,   and   four   for   the  gladioUis. 


Fig.   &%!.' — The  iifTiium.      jr,    manubrium;    X.,   xyphoid    cctrlilage;   0.»  clavicle.     Tbft 
tfoatal  c*rti)ige»  ar©  numbort'd  in  nrdor. 

Considerable  variation  occurs  in  the  osaitication  of  this  bone.  The 
lower  sections  of  the  gladiolus  are  not  uucommorily  ossified  by  two 
centers  for  eaeb  segment,  and  in  anoiimlous  instariees  lack  of  fusion 
l)etween  thes*:?  lateral  centers  may  result  in  a  foramen  or  lissure  in 
the  lower  part  of  tbe  second  portion  of  the  sternum,  even  in  aduU 
life.     This  condition  might  be  mistaken  for  a  fracture  if  one  is  not 

453 


1 


454  FRACTURES   AND   DISLOCATIONS 

acquainted  with  the  anomaly.  The  centers  of  ossification  in  the 
sternum  make  their  appearance  in  order  from  above  downward,  the 
first  being  seen  as  early  as  the  fifth  foetal  moutli,  while  the  center  for 
the  lower  segment  of  the  gladiolus  is  often  not  present  until  the 
second  year.  The  center  for  the  xyphoid  cartilage  may  make  its 
appearance  anywhere  between  the  second  and  eighteenth  years. 
Fusion  of  the  different  segments  of  the  sternum  begins  at  about 
puberty  in  the  lower  end  of  the  gladiolus,  and  proceeds  upward  until 
the  process  is  completed  at  about  the  twenty-fifth  year.  The 
xyphoid  joins  the  gladiolus  at  about  forty.  The  period  at  which 
fusion  occurs  between  the  manubrium  and  gladiolus  is  variable. 
They  are  usually  continuous  on  the  surface  after  middle  life  though 
the  center  of  the  articulation  often  remains  soft  even  in  the  aged. 

The  anterior  mediastinum  with  its  contents  lies  directly  behind 
the  sternum. 

The  pectoralis  major  is  attached  to  the  anterior  surface  of  the 
bone.  The  sternomastoid,  sternothyroid  and  sternohyoid  are  at- 
tached to  the  upper  end,  while  the  abdominal  muscles  are  attached 
either  directly  or  through  their  aponeuroses  to  the  lower  end  of  the 
bone.  The  diaphragm  and  triangularis  sterni  find  attachments  to 
the  lower  portions  of  the  posterior  surface. 

The  anterior  mediastinum  with  its  contents  lies  directly  behind  the 
sternum.  The  heart  lies  directly  behind  the  lower  two-thirds  of 
the  sternum  (excepting  the  xyphoid  cartilage).  The  pericardium  is 
separated  from  the  bone  by  the  remains  of  the  thymus  gland  above, 
and  a  small  quantity  of  areolar  tissue  below.  The  junction  of  the 
first  and  second  pieces  of  the  sternum  may  be  felt  as  a  transverse 
ridge  on  the  bone,  passing  between  the  attachments  of  the  second 
costal  cartilages. 

Violent  hyperextension,  or  overflexion  of  tlie  spine,  particularly 
the  latter,  may  produce  fracture  of  the  sternum.  The  violent  im- 
pact of  the  chin  against  the  upper  portion  of  the  bone  is  said  to 
have  produced  the  condition.  A  blow  on  the  cliest  may,  in  rare 
instances,  produce  fracture.  Gunshot  injuries  of  this  bone  are  not 
uncommonly  seen  even  in  civil  life. 

In  the  aged,  when  ossification  invades  the  costal  cartilages,  and  the 
chest  as  a  whole  is  more  rigid,  fracture  is  more  easily  produced ;  but, 
on  the  other  hand,  the  occupation  and  mode  of  life  of  those  advanced 
in  years  exi)ose  less  to  trauma.  A  number  of  irregular  types  of 
fracture  have  been  reported  in  which  the  condition  was  diagnosed 
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as  compound,  cojmniiiiited,  multiple  or  longiludinaL  These  types 
of  fi^aeture,  however,  are  extremely  uuusual  in  the  stcnunri,  the 
great  majority  heiug  simple  and  trausverse  at,  or  near,  tfie  junetinu 
of  the  Hrst  and  seeond  pieees  of  the  houe.  The  next  most  eomuion 
deformity  is  one  in  whieh  the  upper  fraj^uient  is  disj>laeed  forward 
and  slightly  o%'erlaps  the  lower  piece.  The  common  deformity  eon- 
si^ts  in  a  disi)lat*emeiit  of  the  lower  end  of  the  ui)[>er  fragment 
behind  the  lower  fragrmeut.  The  deformity  is  so  eharaett^ristie  and 
pronounced  that  a  diagnosis  ean  usually  he  made  by  inspection  alone, 


Fig.    638,— Frn. 
in  perltict  rcfdurtiuri. 


i  •■>>     ^urnl]Jll        Arf»>H    irulii  ;iUs    positiuii   of   fraclore   which    l* 

Cuae   kfi    l>r.    >f,    A.  Thimniisun, 
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^>onletimes,  however,  a  simple  transverse  fraeture  may  exist  without 
disphieenient,  w*hen  the  condition  can  only  he.  recognized  by  palpa- 
tion, fu*essure  lieiug  made  tirst  on  one  fragment  and  then  on  the 
other.  The  next  most  common  site  of  fraet\ire  is  at  (U*  near  the 
junction  of  the  first  and  seeoml  pif»ees  of  the  gladiolus  and  resemblea 
elosidy  the  more  usual  fraeture  occurring  at  Ludwig^s  angle. 

Symptoms. — The  close  relation  existing  between  the  sternum  and 
Ihorat'ic  viscera  frequently  i-esults  in  eomplieations  involving  these 
stnu'tures.  It  is  seldom  that  we  lind  fraeture  of  the  sternum  un- 
aecompanietl  by  rtther  injuries,  so  that  the  symptmn-t'Omidex  fre- 


456  J-RACTURES   AND   DISLOCATIONS 

quently  iiicludrs  conditions  such  as  fracture  of  the  ribs,  fracture  of 
the  spine,  i)en<»tratin<,^  wounds  of  the  chest,  etc.  In  fracture  of  the 
sternum  tlie  patient  usually  assumes  a  hollow-chested  attitude  which 
is  ciiarac'teristic  both  in  the  erect  and  recumbent  positioiLS.  Respira- 
tion is  usually  i)ainful,  rapid  and  superficial,  resembling  that  seen 
in  fracture  of  the  ribs. 

]nspe<*tion  and  palpation  of  the  chest  usually  reveals  the  charac- 
teristic deformity  in  the  upper  part  of  the  sternum.  When  no 
deformity  exists,  crepitus  is,  as  a  rule,  elicited  without  difficulty 
and  in  some  instances  may,  by  means  of  the  stethoscope,  be  recog- 
nized with  every  respiration. 

Dislocations  betwe(*n  the  first  and  second  portions  of  the  sternum, 
in  youn^  persons,  produce  j)ractically  the  same  symptoms  except 
that  crepitus  is  more  likely  to  be  cartilaginous.  The  distinction 
between  the  two,  however,  is  clinically  of  little  importance. 
Cyanosis  and  dyspncea  may  occur  as  the  result  of  direct  pressure, 
from  the  displaced  fragment. 

Treatment. — When  deformity  is  absent  from  the  first,  or  if  reduc- 
tion has  taken  ])lace  spontaneously  as  sometimes  occurs  in  normal 
respiration  or  in  (*oughing,  the  only  indication  in  the  treatment  is 
immobilization,  which  is  most  satisfactorily  accomplished  by  strap- 
ping the  chest  with  adhesive  i)laster  in  a  manner  similar  to  that 
employed  in  fracture  of  the  ribs.  Direct  pressure  on  either  of  the 
fragments  may  be  obtained  by  a  pad  of  gauze  properly  placed  and 
held  in  iH)sition  by  adhesive  plaster  placed  diagonally  across  the 
chest.  A  plaster  cast  including  the  chest  and  shoulders  may  be 
employed  instead  of  the  adhesive,  although  it  does  not  accomplish 
the  puri>oscs  of  fixation  any  more  satisfactorily. 

When  deformity  is  present,  it  should  be  corrected  before  the  chest 
is  tixed.  The  reduction  of  displacement  is  accomplished  in  all 
instances  by  upward  traction  on  the  upper  fragment,  and  downward 
traction  on  the  lower.  As  a  rule  this  is  effected  by  posture,  the 
traction  and  countertraction  being  ai>plied  indirectly  through  the 
muscles  and  other  portions  of  the  thorax. 

If  the  patient  is  placed  on  a  table  in  the  dorsal  i>osition  with  head 
and  shoulders  over  the  etiire  .so  that  hyperextension  of  the  spine  is 
aeeomplished.  reduction  will  usually  follow  without  further  manipu- 
lation of  the  frairmeuts.  Kaising  the  arms  above  the  head  and  direct 
pressure  on  the  projecting  fragment  will  facilitate  correcting  the 
deformitx    A\hen  siinple  hyperextension  o^  the  spine  proves  insuf- 
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tieieiit.     After  IIk^  frH*;iiu'nt  has  l>i'eii  brought  into  proper  position 
th*^  eliest  is  (ixed  as  [(revioihsly  doseriln^d. 

Operative  Treatment.— Various  methods  have  Ijei-ii  described  for 
the  open  treHtiiieiit  of  tlirsi*  dt*forniiti€.s  when  simpler  methods  have 
failed  to  aeeotiiplLsh  re<hietion,  luit  it  will  be  unnecessary  to  enter 
into  the  iiunutiie  of  these  sutgieal  proeediire,s  since  they  all  are  hased 


tit    ritri'iM'lhiijt    ttiifMi'iiiit^     in    oveiridiii'Z    frartiire    of    jstt^tnutu. 


Fir    540,— Thp  melhrtd  *h.»wn   in   F^^^    .'11"   Im 
priwiiurit  on  th««  innw  vmXs  of  il»»'  rldVM  Irn  wiiti  iIm 


Im^'m   T.n|>fi1riiH>nt«  iI   hy   ilirvct   upwurd 


on  tl»e  same  principles  of  tnidion,  eounlcr  traction  and  nmnipula- 
rion  after  the  fragments  have  been  exposed  by  incision.  Klevatiun 
has  been  accompliNhed  hy  rneinis  of  screws  inserted  into  the  depressed 
fni^nti^^nt.  As  a  rnh-  it  will  not  he  a  difbcult  matter  to  pry  the 
depn*ssed  portion  of  tlie  sternum  back  into  position  with  some  strong 
ijiKtrninent  su*'h  ns  n  prri<»steal  t4evator.     The  ^n-atest  care  should 
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be  exercised  not  to  insert  the  instrument  too  far  or  in  any  way, 
either  hy  cutting  or  laceration  of  the  tissues,  to  open  the  pleural 
or  pericardial  sacs.  In  operating  in  this  region  we  should  bear  in 
mind  the  course  of  the  internal  mammary  artery  one-half  inch 
external  to,  and  parallel  with  the  lateral  border  of  the  sternum.  If 
tile  origin  of  the  pectoralis  major  interferes  with  the  operative 
manipulations  the  fibres  should  be  cut  away  so  that  the  fragments 
are  properly  exposed.  When  reduction  has  been  accomplished  the 
incision  is  to  be  closed  without  drainage,  and  provision  made  in  the 
fixation  apparatus  for  the  subsequent  dressing  of  the  wound  during 
the  after-treatment. 

After-Treatment. — Fixation  of  the  chest  should  be  maintained 
for  from  six  to  eight  weeks  following  the  accident  and  heavy  work 
or  violent  exercise  forbidden  for  another  two  or  three  weeks.  Differ- 
ent types  of  steel  braces  and  apparatus  have  been  used  with  success 
to  immobilize  the  chest  and  neck  though  they  are  seldom  called  for  in 
a  simple  case. 

Prognosis. — The  prognosis  of  simple,  uncomplicated  fracture  of 
the  sternum  is  good  both  as  to  life  and  function,  but  the  frequency 
with  which  this  fracture  is  associated  with  severe  crushing  injuries, 
such  as  fractures  of  the  spine  and  complications  of  the  thoracic 
viscera,  renders  the  outlook  variable,  since  the  prognosis  in  these 
ii2stances  is  that  of  the  complication  rather  than  the  fracture  itself. 


CHAPTER  XXXIII. 
FRACTURES  OF  THE  RIBS. 

Surgical  Anatomy. — The  surprising  degree  of  trauma  which  the 
ribs  are  capable  of  withstanding  is  the  result  of  their  mobility  and 
the  natural  spring  which  they  possess.  The  first  rib  is  the  shortest, 
the  seventh  the  longest.  They  are  diagonally  placed  so  that  the 
posterior  end  of  a  given  rib  is  at  a  considerably  higher  level  than 
the  anterior  extremity.  They  increase  in  obliquity  from  above 
downward  to  the  ninth  rib,  below  which  they  become  again  more 
horizontal.  The  upper  seven  ribs  are  connected  with  the  sternum 
through  their  own  costal  cartilages.  The  next  three  are  attached 
through  their  cartilages  to  the  ribs  above,  while  the  remaining  two 
are  floating.  The  first  rib  joins  the  sternum  through  its  cartilage 
just  below  and  behind  the  sterno-clavicular  articulation.  The  sec- 
ond costal  cartilage  joins  the  sides  of  the  sternum  at  Ludwig's 
angle.  The  lower  border  of  the  pectoralis  major  leads  to  the  fifth 
rib,  while  the  first  visible  digitation  of  the  serratus  magnus  is 
attached  to  the  sixth.  The  lower  border  of  the  tenth  rib  forms, 
from  a  surgical  standpoint,  the  lower  border  of  the  thorax.  The 
inferior  margin  of  each  rib  is  grooved  on  its  deep  aspect  for  the 
corresponding  intercostal  vessels.  The  sixth  and  seventh  ribs  are 
the  ones  most  frequently  fractured.  The  upper  two  ribs  are  more 
or  less  [)rotected  by  the  clavicle,  while  the  heavy  muscles  of  the  back 
and  the  unattached  condition  of  the  eleventh  and  twelfth  renders 
these  lower  ribs  even  more  capable  of  withstanding  trauma. 

The  ribs  may  be  broken  by  direct  or  indirect  violence.  The 
former  occurs  when  the  rib  is  fractured  and  driven  inward  at  the 
point  of  impact;  the  latter  when  breaking  results  from  bending,  as 
in  forcible  compression  of  the  chest  wall.  The  weakest  point  in 
the  rib  is  just  anterior  to  the  angle,  and  it  is  here  that  fracture 
most  often  occurs  when  the  result  of  indirect  violence.  The  costal 
cartilages  may  b«»  broken,  a  not  uncommon  site  being  at  their  junc- 
tion with  the  ribs.  The  close  relations  existing  between  the  ribs 
and  pleura  account  for  the  frequency  of  complications  involving 
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this   membrane  and   the  underlying  lung,   especially   in    fractures 
prodvictHl  by  indirect  violenre. 

Whrn  a  single  rib  is  fractured  tliere  is  little  tendency  toward 
displacement,  vsince  buth  ends  are  iixed,  and  the  intercostal  mus- 
cles mJiintain  its  relations  with  ttie  ribs  above  and  below.  Wheu 
a  number  of  causeeutive  ribs  are  fractured  there  is  greater  proba- 


Mirtfi,    tifih   ^iriil    -ivUi    nhs. 


bility  of  deformity,  as  is  also  tlie  ease  wlien  a  single  rib  is  broken 
in  two  or  more  places. 

Dislocation  of  the  ribs  may  occur  at  cither  end,  though  their 
structure  and  the  strength  of  their  articulations  render  fracture 
by  far  the  more  conunon  iujur3\  Dislocatiou  may  occur  at  the 
vertebral  ends  of  tlie  ribs  or  at  the  mesial  cud  of  tlic  first,  second, 
eighth,  ninth  and  tenth  costal  cartilages. 
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Symptoms. ^Pjrin  is  a  <-oii.stnnt  tiyiuptorn,  lieinc:  well  localized  in 
the  ngiuii  of  the  fnietuiv.  It  is  greatly  iuerea.^ied  by  breathing, 
especially  by  deep  iiispiratioD,  Coughing  and  sneezing  render  the 
sufffring^  inonii'ntririly  more  intense.  Tlie  patient  nsiially  stands 
or  sits  in  an  jitlitndc  rluiraeteristiE*  of  the  ecaiditiniL  with  the  trnnk 


Fij;.  31-  — (a^Hi^^  in  of  rhifst  wilh  fracture  ot  u  uututxfi  of  ribts,  the  r«ult  of  dirp<t 
v^iotvnr'jv  Soltr  thtr  t)iiM«'^i(!'d  cunditiuu  of  iho  cb««(  on  r.he  pAti4*nt'«  Tt^hX  «i<)u.  CtiMt' 
se«*ii   with   Ur,   H.   R.    MH^rnw. 


Fijf.   513.— Fnu 


»m\     di'Mplurrmt'tit    of     it     rcMlnl     tjarlitinjiv 


bent  slightly  forward  and  toward  the  injured  side.  Kespiration 
in  shallow  and  I'apid.  'Vhr  [jeetoral  exeursion  tJn  tlie  iiijartMl  side 
is  nsiudly  le,ss  than  thai  observed  on  the  w>'ll  side  of  the  ehest, 
Ahnornia!  mobility  is  often  prenent  in  the  fractured  rib  near  the 
site  of  the  break.    Crepitus  may,  or  may  not,  be  present  accord- 
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iii^  to  the  r(»lation  of  the  serrated  ends  of  the  fragments.  Swell- 
ing? of  the  parts  is  slight,  if  present  at  all.  Ecchymosis  may  make 
its  appearance  witliin  the  first  twenty-four  to  forty-eight  hours 
following  the  accident.  The  lung  may  be  penetrated  by  one  of 
tlie  fractured  ends.  Bloody  expectoration  and  subcutaneous 
emphysema  are  the  most  common  indications  of  this  complication. 
In  pronounced  cases  the  subcutaneous  tissues  of  the  chest,  face, 
neck  and  arms  may  be  extensively  distended  with  air.  Palpation 
gives  a  distinct  sense  of  crepitation  when  air  exists  within  the  tis- 
sues.    Traumatic  pneumonia  may  follow  if  the  lung  is  injured. 

Diagnosis. — The  diagnosis  is  based  on  the  symptoms  just  de- 
scribed, together  with  a  careful  and  systematic  examination  of  the 
chest.  Th(»  ribs  should  be  palpated  in  order,  from  above  down- 
ward, for  the  purpose  of  recognizing  crepitus  and  abnormal  mo- 
bility. If  pressure  is  made  on  a  given  rib,  anteriorly  (say  the 
seventh),  while  the  fingers  of  the  opposite  hand  rest  on  the  same 
rib  in  the  posterior  axillary  line,  the  motion  imparted  to  the  rib, 
anteriorly,  may  be  recognized  by  the  opposite  hand  if  the  rib  is 
intact  between  the  points  of  palpation.  If  fracture  is  present, 
crepitus  may  be  elicited  in  this  manner,  and  dissolution  of  con- 
tinuity appreciated  when  present.  As  previously  stated  the  ribs 
possess  a  certain  amount  of  spring,  which  quality  should  be  tested 
when  examining  for  fracture.  If  the  chest  be  gently  compressed 
antero-posteriorly  pain  wull  be  produced  or  increased  at  the  seat  of 
fraeture,  which  is  promptly  recognized  and  indicated  by  the  pa- 
tient. Crepitus,  even  with  shallow  respiration,  may  sometimes  be 
determined  by  the  stethoscope.  Fractures  of  the  posterior  ex- 
tremities of  the  rii)s  are  not  infrequently  extremely  difficult  to  diag- 
nose l)eeause  of  their  deep  situation  under  the  heavy  muscles  of 
th«*  imck.  In  such  instances  a  radiogram  will  make  the  diagnosis 
])0ssii)le. 

Treatment. — Fixation  of  the  injured  side  of  the  chest  is  the  first 
indication  in  fractures  of  the  ribs.  This  is  best  accomplished  by 
strappinir  the  chest  with  zinc  oxide  adhesive  plaster.  The  usual 
method  of  applying  the  adhesive  straps  or  swathe  to  the  back  first, 
and  tlien  encircling  the  chest  during  expiration  is  contrary  to  the 
principles  of  snrgi<*al  anatomy  in  this  region.  The  anterior  por- 
tion of  the  ciu'st  i.s  the  movable  part,  while  the  spinal  portion  is 
tixt'd.  Tile  stnip|)ing  therefore  should  be  done  from  before  back- 
ward   (sec    Fig.   544).     When   the  injured  side  of  tlie  thorax  is 
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fixi'd.  reli<4'  frnin  miffi'riH)yr  is  prompt  jhuI  [jronouiirctL  Tlu*  fac^t 
tliat  thi^  eliest  iu  respiration  moves  as  a  whole,  reiiduns  it  utuieces- 
siivy  to  id  ways  apply  the  strappini?  directly  over  the  rih  fraetiired. 
II"  tlie  lower  portion  of  tlie  chest  is  fixed  on  the  iiffeeled  side,  relief 
will  follow,  even  tlioiigli  the  fraetiire  he  situated  in  one  of  the 
upper  ribs.  In  other  words,  if  the  lower  four  or  live  ribs  are  fixed 
on  the  alTeeted  side  motion  in  the  entire  lialf  of  the  eh  est  will  he 
restricted.  In  severe  fractures  of  tlie  ribs,  or  in  tliose  presenting 
symptoms  of  pulmonary  complications  the  strapping  should  not 
he  applied  too  tightly.  ieHt  additional  injury  he  done  to  the  lung 
hy  forcing  a  displaced  fnig-inent  or  spicule  into  its  substance.  If 
sulfcrinK  is  not  sufficiently  relieved  hy  strapping,  the  use  of  opiates 


Fig.   544.^ — Adtieftive    pliiAter    strapping    for    fracttirt?    of    Ihu    ribs. 

may  be  necessary  during  the  first  day  or  two  following  the  accident. 

In  fl«*sliy  |>ersoris,  es|)eeially  in  women  with  pendulous  breasts, 
fixation  of  llie  thorax  is  laore  tlillicult.  The  amoutit  of  yuheu- 
taneous  tissue  rendcr.s  the  skin  more  mobile  and  cutaneous  irrita- 
titui  seems  to  he  irion*  readily  pr**du<*ed,  aeeordingly  stra|)ping  is 
less  satisfaetory.  In  the.se  eases  a  swathe  snugly  snr rounding  the 
lower  t'hest  wil!  usually  answer  the  piirpose  better  than  strapping. 

Siibeutaneous  em[>hyseiria  does  not  ordinarily  call  for  S[>eeial 
nu*asyri\s,  yet  shouhl  the  condition  become  severe  it  may  he  re- 
liev(*d  by  multiple  incisions. 

After-Treatment. — The  fixation  dressing  should  be  niaintaiiied 
for  a  p<*riod  of  about  three  weeks.  In  the  milder  cases  in  whieh 
a  single  rib  is  fractured,  the  patient  may  be  |ap  and  about  inmiedi- 
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iiti'l.v  lollowinjc  the  injury.  When  the  condition  is  more  severe, 
iiN  wlii'n  a  nuinlMM*  of  ribs  are  fractured,  or  the  lung  penetrated, 
tn»iitMient  in  n*cuinhency  is  demanded.  If  respiration  is  painful 
nr  dirtifult  in  the  dorsal  position  the  patient  may  find  comfort  in 
tnrninjr  <ni  his  side,  or  the  backrest  may  be  used  to  raise  him  to  a 
NPiiii  Mittinjr  posture.  It  will  often  be  necessary  to  tighten  or  re- 
iipplv  the  strapping  if  it  becomes  loosened,  or  if  cutaneous  irri- 
tation develops.  P^'or  these  reasons  the  patient  should  l)e  kept 
under  dose  ol)s<»rvation  especially  during  the  early  part  of  the 
after-treatment.  A  linen  swathe  may  be  used  about  the  chest  if, 
for  any  reason,  strapping  seems  inadvisable. 

Prognosis. — Fractures  of  single  ribs  are  almost  invariably  fol- 
h)\viMl  by  complete  restoration  of  function.  Union  with  deformity 
In  not  likely  to  lie  followed  by  ill  efTects.  The  prognosis  of  severe 
crushing  injuries,  penetrations  of  the  lung,  traumatic  pneumonia, 
etc.,  is  that  of  the  complication  rather  than  of  the  fracture  itself. 


CHAPTER  XXXIV. 

FRACTURE-DISLOCATIONS  OP  THE  SPINE. 

Considerable  useless  distinction  has  been  made  between  **  frac- 
ture'' and  ** dislocation'*  of  the  vertebrae^.  The  use  of  the  X-ray, 
of  recent  years,  has  demonstrated  the  fact  that  nearly  all  spinal 
fractures  are  complicated  by  at  least  some  articular  displacement, 
and  that  dislocations  rarely  occur  without  fracture  of  some  por- 
tion of  the  vertebra?.  This  close  association  of  the  two  conditions, 
therefore,  renders  the  term  *  *  f racture-dislocation "  the  most  satis- 
factory and  accurate,  and  it  will  be  understood  in  the  subsequent 
discussion  of  injuries  to  the  spine  that  one  condition  rarely  occurs 
without  the  other.  Dislocations,  uncomplicated  by  fracture,  are 
sometimes  seen  in  the  cervical  spine  but  almost  never  in  the  lower 
portions  of  the  column. 

The  importance  of  fractures  and  dislocations  of  the  spinal  column 
lies  not  so  much  in  the  bony  injury  sustained  by  the  vertebrae,  as 
in  the  damage  which  may  be  inflicted  on  the  spinal  cord  contained 
within  the  spinal  canal.  In  other  words,  the  serious  complica- 
tions which  follow  fracture  of  the  spine  are  shown  by  the  symp- 
toms of  injury  to  the  cord  or  spinal  nerves  rather  than  those  of 
fracture  of  the  spinal  column.  The  diagnosis  and  treatment, 
therefore,  come  more  properly  under  the  head  of  neurology  than 
of  surgery.  Since  such  is  the  case  it  will  readily  be  seen  that  it 
is  well  for  the  surgeon,  when  possible,  to  have  the  counsel  and 
co<)peration  of  an  experienced  neurologist  in  dealing  with  fracture- 
dislocations  of  the  spine. 

Surgical  Anatomy. — The  character  of  the  bony  structure  of  the 
vertebrae  is  of  importance  in  explaining  the  deformity  which  occurs 
in  fracture-dislocations  of  the  spine.  The  vertebral  body  is  com- 
posed of  a  cancellous  structure  similar  to  that  seen  in  the  ends 
of  the  long  bones.  The  surface  is  composiMl  of  a  layer  of  com- 
pact tissue  on  which  the  strength  of  the  body  larg(»ly  depends. 
In  compression  strains,  little  resistance  remains  after  this  bony 
capsule  of  compact  tissue  has  been  fractured;  the  internal  can- 
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LU'llous  tissii*^  i'nisb«*s  rendily  and  the  hody  (-(AhpfU'n,  Tho  verte- 
firai  aivlii's,  tlion^li  Iush  in  bulk,  nrii  rompoHiv!  of  a  heavy  compact 
tissue  with  n  comparatively  small  amouat  of  enclosed  eanccllated 
structure.  The  result  is  that  fracture  of  this  portion  of  the  verte- 
bra is  more  distinct  and  c*lean-eut  in  nature,  with  little  or  uo  loss 
of  hone  through  crushing  or  impaetion  of  cancellous  tissue.  The 
difference  in  the  types  of  fracture  oecurrinn;  in  these  two  portions 
of  a  vci'tclira  ^luiy  be  likened  to  the  *litferenee  existing  between 
fracture  taking  pUive  in  the  shaft,  ns  c-om pared  to  that  seen  iu  the 


Fig.   545-- — Fracture  of  Uhj 
witJi  kyphotic  deformity^ 


Uodie.H  of  thp  s^coiiil,    tliiia    riHtl    f.i«trth 


expandetl  upper  extremity  of  a  long  bone,  such  as  the  humerus. 

The  usual  Ktraiu  producing  fracture  of  the  spine  is  that  of 
hypertiexion.  and  tlie  etTeet  upon  the  spinal  eoluinu  as  a  whole  is 
siinibir  to  that  oecurring  wdicn  other  HiattTials  are  subjeeted  to 
hciiding  strain.  The  (*onv^^\  side  of  the  rod  or  column  is  under 
tcH.sifm,  the  coneave  side  under  eompression,  while  the  intermediate 
part  is  in  a  neutral  condition  until  either  the  convex  or  concave 
side  of  the  column  breaks.  With  hypcrtiexion,  therefore,  the 
bodies  of  the  vertebra'  are  under  compression  while  the  vertebral 
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Hrehes  aiitl  eonnei^ting  ligaments  are  siilijeeteil  to  teusiojK  In  most 
instances  tlie  compression  streiigfth  of  Uie  bodies  is  less  than  tlie 
tension  strength  of  the  posterior  spinal  U^raments.  The  usual  re- 
sult therefore,  when  the  strain  beeomt^H  greater  than  the  spine  can 
withstand,  consists  of  a  crushing  of  one  or  more  of  the  vertebral 
bodies  with  kyphosis  as  a  consequent  deformity. 

Tlie  idanes  of  the  articular  surfaces  in  the  cervical  spine  are 
more  ncarl^^  imralh'l  with  the  upper  and  lower  surfaces  of  the 
Ijodies  than  in  other  portions  of  the  spine*     This  less  firm  inter- 


Vig'  640.- — Frurturt*  of  hotly  of  Rccund  cervied  vcrtehrii  wiih  hiiblunHtiun  b*'twri»ii 
bod  14^  of  second  and  third  verltliiric.  Fnielure  of  necoiid  and  ihird  viirttbriu  nvur 
pckdlcles. 

locking  in  the  cervical  region  accounts  to  some  extent  for  the  com- 
parative frequency  of  uncmoplieated  *l»shications  of  the  vertebra? 
in  the  neck.  The  upper  portions  of  the  s[)ine  noriually  carry  less 
weight  than  the  lower;  iieru'e  tlu'  lighter  strueliin'  in  tlie  cervical 
region.  Accordingly  the  same  degree  of  trautiia  will  more  s\irely 
produce  fracture  or  dislocation  in  the  neck  than  in  other  regions 
of  the  spine.  As  already  exjihiiued  tlie  usual  drfoniiity  is  ky* 
jdiotic;  yet  We  nuiy  si^e  anjijjnlar  diNphrcenjeut.s  in  other  (iirections* 
and  the  deformity  fiiay  In*  overriding  or  rotary,  as  well  aa  angular. 
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In  Pottos  ilisease  the  vertebral  Iwdy  gives  way  uiuler  noniial  stri 
as  a  result  of  (ILsea.secl  Imny  tissue;  in  fnictore  of  the  spiue,  witfi 
kyphosis,  the  nortnal  body  collapses  because  of  excessive  strain; 
the  deform ity  is  similar  in  both  ijiHtHnees, 

In  the  dorsal  rej^ion,  the  iirtieular  HLirfaees  ehaoge  so  they  are 
more  nearly  at  right  angles  with  the  articular  plaues  between  the 
bodies.  This  re.mdls  iu  greater  strenglli  ami  h'sseued  mobility,  so 
that  it  is  almost  iinpossihle  to  slide  one  vertebra  on  another  (be- 
yond   Hganieutons    limits)    witiiout    produdng    fracture.     In    the 


Fig.   547. — DiKli>t'iili<iii   HrH'twrtMn   t1n'   lir^t   and   m' 
displnci^meiit  of  the  nktill. 


imti   I'f^rvii'nl   vrrti^brw   with  l^rward 


lumbar  region  the  articular  surfaces  an*  also  nearly  at  right  angles 
with  the  Hrti^nilalions  betwi-eu  the  bodies  nltliough  tbey  correspond 
more  closely  with  the  sagittal  than  with  the  coronal  plane. 

The  tips  of  the  vertebral  s[dnes  are  subcutfineous  aiul  palpable 
from  the  sixth  or  seventh  cervical  to  aliout  the  fourth  sacral.  The 
anterior  surfacci*  of  the  bodies  of  the  upper  four  cervical  may  be 
pal]iated  througli  the  ]>haryux ;  the  iuuihar  bodies  through  the 
anterior  ididoiuinal  wall,  in  thin  persons;  ami  the  coccyx  and 
lower  end  of  the  sacrum  through  the  rectunu     Otlun-wise  the  heavy 


Kig,    &I8. — Fraciure  of  thu  law(?r  dorknl   Hii<] 
fonuitjc. 


ith    Uiwral  I 
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ftkscia?  and  er<X'tor  spiiiae  mass  so  conceal  the  deep  portions  of  the 
vertebrie  tliat  it  is  irnpossihle  to  accurately  d(4ermine  tlieir  cou- 
dition  and  posit ioius  by  palpation. 

The  spinal  cord  lies  within  the  spinal  canal,  extending  down- 
ward from  the  foramen  magnum  to  about  the  level  uf  the  inter- 
vertebral disc  between  the  first  and  second  lumbar  vertebr®.  The 
level  of  the  lower  end  of  the  cord  varies  somewhat  in  different  per- 
sons.    It  is  said  to  extend  to  a  rehitivelv  lower  level  in  women  tfiau 


t^)K.   biS. 


Fig.   5S0, 


Pis,   651. 


Figs,  S.19,  S.'iO  und  TiffJ, — eii«u>Tiijr  view,  iiagittal  section  imd  iintprior  view  of  an 
oil!  frticture  uf  the  Kpint.'.  Kale  titf  ron»tri<'lion  uf  the  npiiial  ciiniLl  and  crniihinf  of 
i)w  ciiudii  etiultia  opr<ORile  tliu  third  lumbar  vertchm. 

in  men,  in  sliort  [tcrsons  tlinn  in  tnlL  This  is  explained  by  the 
g^rowtb  of  the  indiviilmd,  K*»rly  in  tVetal  life  the  cord  occupies 
the  entire  spinal  canal  hut  tlie  sufisctpient  disproportion  in  growth 
between  the  spinal  column  and  cord  tinds  tlie  eonus  terminal  is  on 
a  level  with  the  third  luml>ar  vertebra  at  birth  and  later  in  life 
the  cord  terminates  at  tlie  tii*st  or  second  lumbar  according  to  the 
extent  of  longitudinal  growth  in  tlie  spinal  column. 

In  the  early  foetal  arrangemt  iit  the  sjiiiial  nerves  arise  from  the 
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I'ord    ofjposite    thi'    iiitervrrtebrai    fornriiiiia    tlirou^h    whioli    tliey 


t'UUTK'^*.  The  fart,  Jinw^ner,  that  tfie  spiiK*  grows  faster  limn  the 
cnrtl  lowrrs  the  level  of  tile  spinal  exit  for  a  given  nerve,  with 
relafioii  to  l\H  spinal  eortl  orijxin.  All  of  the  spinal  nerves,  there- 
fore, willi  the  exee]>tioH  of  the  lirst  two  eervieal,  have  a  downward 


Fig.   5515. —  Kr;irturt'  of   the  Jjmly   of  the  lifth  Uunhjir  vi*rt«'brtt   ni   ihv   pi>lut   indn;»ii^<l 
bjf  »rrow, 

intrasiiinal  course  of  greater  or  less  extent,  varying  with  the  level 
of  the  nerve.  The  lower  the  nerve,  the  longer  its  intraspinal 
eourse. 

The  Hpinal  dnra  or  'Mfieeii''  forms  a  well,  within  the  spinal  eanal 
extending  froni  llie  forainen  niagnmu  to  about  the  third  saeral 
vertebra.     The  I'ord  is  suspended  withiu  this  well  and  surrounded 


FRACTURE-DISLOCATIONS  OP   SPINE  473 

by  cerebrospinal  fluid  in  sucli  a  manner  tbat  injury  by  direct  vio- 
lence is  almost  impossible  if  tlie  spinal  column  remains  intact. 
The  denticulate  ligament  and  spinal  nerves  steady  the  cord  within 
the  theca  and  serve  to  prevent  its  coming  in  contact  with  the  walls 
of  the  canal. 

The  tracts  within  the  cord  are  composed  of  medullated  aneurilem- 
matic  axones,  and  when  these  fibres  degenerate,  following  injur>' 
or  disease,  regeneration  does  not  take  place.  Loss  of  function, 
therefore,  is  permanent.  The  spinal  nerves,  however,  are  both 
medullated  and  neurilemmatic  and  will  regenerate  under  favorable 
conditions.  This  difference  in  structure  and  power  of  regeneration 
explains  the  invariable  necessity  for  op(»rative  intervention  to  re- 
move pressure  in  injuries  of  the  cauda  equina. 

Sjrmptoms. — The  symptoms  of  fracture  of  the  spine  are,  firstly, 
those  of  the  bony  lesion  (the  fracture  itself)  and  secondly,  those 
resulting  from  injury  to  the  spinal  cord  or  nerves. 

The  symptoms  of  fracture  of  the  spinal  column  are: 

1.  Local  pain  and  spasm. 

2.  Abnormal  mobility. 

3.  Crepitus. 

4.  Deformity. 

5.  Loss  of  function. 

The  symptoms  following  injury  to  the  cord  and  spinal  nerves  are : 

6.  Shock  (and  unconsciousness  in  cervical  fracture). 

7.  Changes  in  pulse,  temperature  and  respiration. 

8.  Motor  disturbances. 

9.  Sensory  disturbances. 

10.  Disturbances  in  reflexes. 

11.  Trophic  changes. 

Symptoms  op  Fracture  op  the  Spinal  Column. — 

1.  Pain  is  usually  present  at  the  seat  of  fracture,  and  is  similar 
in  character  to  pain  produced  by  fracture  elsewhere.*  It  is  in- 
creased by  motion  and  sev«M'e  enough  in  souk*  instances  to  produce 
syncope. 

2.  Abnormal  mohUity  is  usually  present  and  can  be  r(»cogniz(»d 
if  the  fracture  has  been  at  all  severe.     It  is  generally  possible  to 
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flex  I  ho  Spine  beyond  iiornial  limits,  but  Uip  danger  of  producing 
or  irifrenmri^  injury  l**  tlie  sj»injd  cord  should  jvnchnb^  any  nii<1  all 
uuuewssory  trmnipuiations. 

3,  Crepifus  may  or  may  Dot  be  present  but  any  attempt  to  elicit 
same,  siiri]»!y  for  dia^rnostic  purposes,  is  ubsolutely  to  be  (condemned 
on  account  of  the  poswihility  of  injury  to  the  spinal  eoni  or  nerveis. 

4.  Dcfftrmitij  varies  with  tlie  region  of  the  apine  injured  and  tlie 
nature  mid  (h*Ki*ee  of  the  fraetiire.  It  is  ahnont  invariably  pn*-»ent. 
If  tile  hat^k  hv  thorouglily  inspected  and  carefully  palpateci  the 
surgeon  will,  m  n   rule,  exjicrirnee  littk^  difficulty  in  reec^gnizin^ 


b'ljfw,  &r»4  niirl  555. — Frttcturt-  of  lh«*  iipine«  of  Uu'  Ihird,  fourth  «nd  fifth  c^rYirjiil 
vi^rtobriv  ftnd  of  the  bodk>i  of  tht>  AfUi  m\d  nixth.  Tht"  thumb  is  depre&»«3d  iniu  tht 
Imllnw   •^ftusi'd   hy   the   dlftplACctirieiit   of   Ihr   frafhtrml    spini's'i. 

the  gravity  of  the  eoiidition  even  though  the  details  of  the  fraetiire 
eannot  be  ascertained  without  resortinfj;  to  tire  use  of  tlie  X-ray, 
llie  umial  defoniiity  eousista  of  anterior  angular  displacement  of 
that  [iorti*>n  of  the,s|une  abovt^  tlie  fracture,  witli  resultant  kyphosis. 
In  uiuLHual  instances  the  loss  of  vertebral  aiisninent  may  he  rotary. 
In  severe  cases  overriding  as  w^ell  an  angular  df^formity  of  the 
spinal  column  nmy  occur.  Kyi>bo«is  la  ofttvu  sullfieiiMitly  i)rO' 
liounced  to  be  rei'ognized  by  inspection  alone.  It  is  sehbim  ttuit 
the  important  elements  eannot  be  dettTuuned  by  palpation.  Frac- 
lure  of  one  or  more  of  the  s^dnons  proeesses  with  loss  of  alignment 
in  the  tips  of  the  ii|iines  may  produce  a  sliglit  deformity  which  ean 
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Hurnnl   n^tC^on 


Ulltl 


Vl^*   55H   unci    5r*7. — ^Pniriur*'    nf   t)w  spine   in    (h*«   kiw 
Btr«    foifowinic    \Up    accidctgl.      Arrow    in    nppt^r    photoirritph    incHn'iiit'eii    the   vUihtt^    irrcgii 
larily    in    llm    iSipinoai»    prMri»ftii»*.      In    the    lower    plttU*    (Fig-    t>57)    llif    l\ii(fpr    is 
i^4j^  ilMi  U#priMiitiou. 
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lir  ttMM)>riii/.iMl  hy  palpation,  if  not  by  inspection  alone.  In  isolated 
rrnotniM'  of  the  Hpinous  processes  the  deformity  is  slight  and  not 
lUMMMupiuiitMl  by  symptoms  of  fracture  of  the  column  itself,  such 
(IN  iniK^il'i^i*)"  ^^  ^^^  spine,  shock,  motor  and  sensory  disturbances, 
hwN  of  function,  etc.  Fracture  of  the  arches  may  be  accompanied 
by  M.vinptoiiis  of  cord  injur\^  if  the  fragments  have  been  displaced 
forwnrd  into  the  spinal  canal. 

T).  Ijoss  of  function  is  inevitable  in  fracture  of  the  spinal  column, 
iind  will  be  more  or  loss  complete  according  to  the  severity  of  the 
Injury.  Sliock,  pain,  and  cord  injury  may  disable  the  patient, 
bill  Hsidc  from  these  conditions  the  mechanical  disturbances  pro- 
diK'od  by  the  fracture  are  sufficient  to  prevent  the  patient  from 
Mtiinding  or  sittinji^.  Spasm  of  the  muscles  of  the  trunk,  especially 
tlw  enMftor  spinje  mass,  will  be  present,  and  represents  Nature's 
Ht tempt  at  splinting  the  injured  parts.  Loss  of  function  through 
JMobited  fracture  of  the  spinous  processes,  is  mainly  the  result  of 
\{)v}\\  j)ain,  especially  when  the  muscles  attached  to  the  involved 
Mf>in<»  are  brought  into  action.  Local  swelling  and  ecchymosis  are 
Meldom  pronounced,  if  they  occur  at  all.  The  extravasated  blood 
and  fluids  of  inflammation  are  so  bound  down  by  the  heavy  dorsal 
fawfia  covering  the  erector  spina*  mass,  that  they  seldom  reach  the 
Mil  r  face. 

Symptoms  F()LU)\viN(i  In-jirv  to  the  Cord  and  Spinal 
Nkrvp:s. — The  symi>toins  following  injury  to  the  si)inal  cord  or  the 
nerves  contained  within  the  spinal  canal  vary  with  the  complete- 
ness and  region  of  the  injury.  The  nature  and  degree  of  these 
Hyinptoins  arc  explained  by  reverting  to  the  anatomy  of  the  spinal 
cord  and  the  distribution  of  the  spinal  nerves.  Slight  pressure 
on  the  si>inal  cord,  sucli  as  produced  by  hemorrhage  (and  in  some 
instances  slight  bony  displacement),  is  i)rone  to  produce  irritation 
of  the  si)inal  centers  which,  if  allowed  to  continue,  is  not  uncom- 
monly followed  by  a  degeneration  of  the  affected  cells  and  their 
axones.  Destruction  of  spinal  cord  tissue  is  invariably  accom- 
j)anied  by  prompt  loss  of  function  in  the  destroyed  cells»  and 
interruption  of  impulses  in  the  damaged  white  tissue  of  the  cord. 
If  the  damage  to  these  cells  ha.s  been  at  all  severe,  degeneration 
(*nsues  regardless  of  relief  of  j)ressure.  If,  however,  pressure  is 
not  removed  pressure  myelitis  is  almost  sure  to  follow,  the  degen- 
erative process  will  be  more  extensive,  and  adjoining  cells  and 
tracts  will   be  involved,   which   were  primarily   unaffected  at  the 
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Fi(f.   558. — Frftrliire    of    the  lower    doisi!      p Mnue   fight    y**nfji    folfowiiig   »ho    in- 

Jurv,  The  t-ordi  w.**  ^urtkHll)  rru»hi*d  und  ]jUTtit>»i£^  of  ibe  lowir  fttri'raili***  with  Icmi» 
of  Iduddtr  «n«l  T»o\v»'l  *  oiitrr>l  followed.  Note  the  chronic  sore  in  ih«  **acnil  region  Mid 
Itifi  cord  about  thu  lii|iih  ^uppurtiti^  a  urinal. 


Fig,    &5e. — ^A    rftM"    <ti    C'hurroC'i    nplrn'    -^Ikhwi 
»B  i»  ■oaietisnM  fi«en   in   rrmrliuri^K  ot   ihv  lumliui    ., 
iti^i   ind   loM  of   iphincteric  caniral   duu   lo   prwHuro   on 

CiBtl. 


(^Iii"  of  kytiHotic  di'fonoiiy 
ariiljfti*  of  the  lower  cxtrrro 
tlit»   Npintil    uervcA   within    tht- 
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•;-.r  '  :*  ::.:  .r  T.-r-  ^t^  Zf.^jr  o:  :rir  «M?alled  silent  areas  within 
•K-  •'  -  :  -  .:  •  •'  -■•.•^  'X>rLie  in  thr  brain,  and  hence  lesions 
,,f  »f ..  ...  .  :  ^  '  ..-  ■  ^••Lrt  r  rr»-i.j/L»-t»-.  an?  alwa^-s  attended  by  dis- 
til rfv.r.-'v-  ::-  :'  .-'-■'•.•.r.. 

H.  >hn*''..  :r  !'a-r  :r.  a  nAld  «!*-ct^.  aeeompanies  all  uncompli- 
<-atKil  fni"*:ir-^  ••:'  ?^hr  'if* in-  and  is  greatly  augmented  when  the 
ror«l  i^  injur- i.  rri-«»riviousn#=«ii,  however,  rarely  occurs  unless 
the  injury  is  in  rh^-  nsrion  of  the  upper  four  cervical  vertebra. 

7.  Kx«»'pt  in  injuri»'S  of  th»*  upjier  cervical  region  pronounced 
chdfuffs  In  f*  fnp*  nitun ,  nspirafion  and  pulse  do  not  occur  im- 
nuMliatfly  follow  intr  tlin  ar-rident.  Shock  may  influence  the  tem- 
ptTatun*.  [>uls»'  and  n-spiration.  but  shoi*k  may  occur  in  many  con- 
ditions and  is  not  rharactrristi<*  of  cord  lesions.  Later  in  the 
course  of  tlu-  case  pressure  myelitis,  meningeal  complications  or 
detrenerative  processes  within  the  cord  may  cause  a  rise  of  tem- 
perature, with  alti'rations  in  the  pulse  and  respiration. 

s.  Motor  (fish(rh(i)tcrs  at  and  below  the  seat  of  fracture,  are  the 
rule  when  th(»  cord  is  injunnl  and  the  character  of  thest*  symptoms 
varies  accord in^r  to  the  nature,  region  and  completeness  of  the 
!»-inu.  In  complete  crushing  of  the  cord  paralysis  will  be  found 
ifi   •'-  j-arts  supplied  hy  the  daniaginl  st^srments,  and  all  the  s*^- 

•  r  *-  ' ' 'ou  tlieni  will  he  thrown  out  of  function.     In  partial  in- 

:  ."     •  ■  •         v-.l  t!i.»  musculature  supplied  by  the  injun?d  «»gments 

'     v  '.  <s  coinpleti'  tlaecid  pamlysis^.  while  the  mu^'les 

•\   r  St  ijMiervTs  will  Iv  spastie.     The  eoooi:>>s  •>£  tht^ 

-     -  '.'■'..  '"-    \\'^'\"\\:  :o  ri-^xs:!::;o  ix:::-f\:ia:r!y  fv-"oir:nsr 

-    -       :*   :        ;i       •::;*::>::>:  shock  ir^i  T-e^iwrtry 

...  -     -    .   .        v>        ;*"-,  ^  •-  ^■' •;^-.- :■■  -"r-f  Vt"*-'  rf  •♦»?  scirjl 

-  .  ^  ,  .'-...-   V'-vu>   rrnij— iTiTsi  t: 

^  -  X    :    ■  '»     J  ?!*'    ""?    >'^-**'-n_"_:r»f 
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of  the  additional  nerve  supply  which  it  receives  from  the  sympa- 
thetic system.  Disturbances  in  the  control  of  the  bladder  and 
bowel  will  be  considered  under  injuries  of  the  lumbar  enlargement. 
The  motor  areas  of  the  cord  are  more  easily  injured  than  the 
sensory,  and  hence  in  partial  lesions  motor  paralysis  is  often  more 
extensive  and  complete  than  are  the  sensory  disturbances.  The 
symptoms  of  cord  injury  following  bony  displacement  are  almost 
always  paralytic  from  the  first  and  are  not  progressive  in  nature, 
lint  on  the  other  hand,  hemorrhage  within  or  about  the  cord  is 
often  ac(»ompanied  by  irritative  symptoms,  such  as  spasm  or 
tremor,  and  the  intensity  of  these  symptoms  usually  increases  both 
in  degree  and  t'xtent.  Ilematomyelia  (hemorrhage  into  the  sub- 
stance of  th(»  cord)  and  hematorrhachis  (hemorrhage  about  the  cord) 
are  not  uncommon  complications  of  spinal  cord  injury.  It  is  a 
peculiar  fact  that  crushing  injuries  of  the  cord  are  frequently  fol- 
lowed by  hemorrhage  into  its  substance  a  few  segments  above  the 
site  of  the  lesion.  When  this  secondary  traumatic  hematomyelia 
above  the  lesion  occui-s,  it  usually  develops  within  the  first  few  days. 
Hematorrhachis  is  more  properly  a  complication  than  a  sequel, 
since  its  onset  is  prompt  following  injury  to  the  spinal  plexus  of 
veins  at  the  seat  of  injury.  In  either  of  these  conditions  the  symp- 
toms an»,  as  a  rule,  progressive.  The  motor  and  sensory  losses  are 
not  infrequently  preceded  by  evidences  of  irritation  in  the  spinal 
centers.  In  rare  instances  slight  pressure  upon  the  cord  from 
bony  displacement  may  produce  symptoms  simulating  hemorrhage, 
provided  the  pressure  is  not  sufficiently  pronounced  to  produce 
immediate  destruction  of  cord  tissue.  Under  these  conditions  the 
symptoms  may  be  irritative  and  occasionally  slightly  progressive. 

9.  Sensory  disturbances  are  common  in  cases  of  spinal  cord  in- 
jury, though  in  partial  lesions  they  are  usually  less  pronounce^i 
and  extensive  than  are  the  motor  symptoms.  In  complete  trans- 
verse cord  injuries  anesthesia  develops  immediately  in  the  areas 
supplied  by  the  injured  portion  of  the  cord,  and  in  addition  the 
sensory  function  of  all  segments  below  the  lesion  is  promptly,  com- 
I)letely  and  ])ermanently  lost.  This  area  of  anesthesia  is  soon 
followed  by  a  girdle  of  hyperesthesia  representing  two  or  three 
spinal  segments  directly  above  the  injured  region  of  the  cord. 
This  area  of  hyperesthesia  is  the  result  of  irritation  of  the  spinal 
centers  contained  within  the  segments  adjoining  the  lesion,  and 
may  be  the  only  evidence  of  a  hematomyelia  which  so  commonly 
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develops  in  the  cord  tissue  near  the  injury.  Great  suffering  some- 
iiraes  occurs  as  the  result  of  reflex  shooting  pains  throughout  the 
hyperesthetic  area.  This  condition  in  the  thoracic  portion  of  the 
cord  produces  girdle  pains;  in  the  lumbar  enlargement,  shooting 
pains  in  tlie  lower  extremities  and  genetalia ;  while  spinal  irritation 
in  the  upper  dorsal  or  lower  cervical  segments  of  the  cord  may 
produce  pain  in  the  upper  extremities.  Hyperesthesias  following 
irritation  of  spinal  centers  will  vary  in  degree  and  distribution  ac- 
cording to  the  region  and  severity  of  the  cord  lesion. 

10.  Disturbances  in  reflexes. — In  complete  cord  lesions  the  re- 
flexes below  the  injury  will  be  immediately,  completely  and  perma- 
nently abolished.  Shock,  from  any  cause,  may  produce  temporary 
loss  of  reflexes  which  return,  however,  as  the  patient  recovers. 
Accordingly  too  much  stress  should  not  be  laid  on  their  absence 
immediately  following  the  accident.  In  partial  lesions  the  reflexes, 
dependent  upon  the  damaged  segments,  will  be  lost  or  reduced, 
while  those  below  the  lesion  are  often  absent  immediately  following 
the  accident,  though  they  return  later  and  are  often  increased 
through  lack  of  inhibition  from  the  higher  centers.  When  such 
is  the  case  patellar  and  ankle  clonus  are  present,  together  with 
Babinski's  reflex,  and  other  pathologic  reflexes  of  the  foot  and 
ankle,  indicatinir  damage  to  the  upper  motor  segment.  The  loss 
of  reflex  activity  is  often  asymmetrical  in  partial  lesions,  and  cor- 
responds more  or  less  accurately  to  the  distribution  of  motor  and 
sensory  losses.  If  the  reflex  of  a  given  segment  is  increased 
through  spinal  irritation,  si)asm,  tremor  or  hyperesthesia  wnll  prob- 
ably be  present  in  the  corresponding  area. 

11.  The  trophic  (lvitu7'hauces  following  injury  to  the  cord  are 
among  the  most  serious  and  difficult  to  control  of  the  complications 
with  which  we  have  to  contend.  Most  prominent  among  them  are 
the  bed  sores  which  develop  where  continued  pressure  is  applied 
to  subcutaneous  bony  prominences,  especially  in  the  region  of  the 
sacrum  and  heels.  The  sacral  sores  are  often  intractable,  rapidly 
attaining  such  size  and  depth  as  to  lay  bare  the  lumbar  and  sacral 
vertel)ra\  and  not  infrequently  a  considerable  part  of  the  ossa 
innominata.  When  this  type  of  sore  develops  the  patient  usually 
succumbs  within  a  short  time,  either  from  exhaustion  and  a  general 
septic  condition  or  following  involvement  of  the  exposed  spinal 
membranes.  The  musculature  below  the  seat  of  injury  atrophies 
until  in  extreme  cases  the  outlines  of  the  bones  of  the  lower  ex- 
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tremities  are  apparent  on  inspoction.  Contraetiires  are  eommou, 
especially  In  the  feet,  wliieli  are  often  depressed  and  in  a  ecniditioii 
resembling  that  seen  in  hydracephalus.  The  bladder  changes  are 
dne  partly  to  the  effeets  of  retention  following  paralysis,  and 
fiartly  to  the  disturbed  trojdne  supidy  of  the  viseu8.  Infeetion  of 
tile  bladder,  witii  nrinary  th-eompositiou,  develops  sooner  or  later 
ill  .spite  of  Uie  most  a^^siduous  eare.  This  infeetion  not  infrequently 
aseends  to  the  kidrteys,  ultiuiately  producing  death. 

The  symptoms  aceompaoying  fraeture-dislocations  of  the  spine 
sliow  siieh  variation  in  different  levels  that  for  praetieal  purposes 
we  will  eonsider  the  synipturos  jieenliar  to  the  different  regions. 

Fracture-disloeations  of  the  eervieal  spine  are  often  immedi- 
ately fatal,  espeeially  when  the  injury  involves  the  upper  four 
vertebni\  Dislor-atiouK  uneoniplieated  l>y  fraeture  are  niore  eom- 
mon  here  than  in  other  portions  of  the  spinal  column  (see  **  Anat- 
omy/* pa^e  465).  Tlie  usual  deformity  is  kypbotie,  thouvrb  the  dis- 
plaeement  may,  in  uuusual  iiistaiiees,  be  lateral,  posterior,  rotary 
or  even  overriding.  Unilateral  luxations  are  more  common  in  the 
neck  than  ia  other  portions  of  the  spine^  their  usual  seat  being  in 
the  oceipito-atlantal  or  in  the  atlo-axial  articulations.  If  death 
does  not  follow  the  injury  within  a  few  hours  motor  and  sensory 
disturhanees  develop  in  the  regions  sufiplied  by  the  injured  spinal 
H«'gnirnts  and  below  the  site  of  the  lesion.  Injuries  at,  or  above, 
the  fourth  spinal  segment  destroy  or  interfere  with  the  nerve  sup- 
ply to  the  dia[»hra£rm,  and  the  ju'oximity  of  the  imtiortant  et-nters 
in  the  bnlbp  together  with  tlie  close  association  between  the  pneu- 
mogastric  and  spinabaeeessory  nerves,  renders  fractures  in  this 
region  esjiccially  dangerous.  When  death  is  not  immediate  pro- 
nounced vajnations  are  usually  observed  in  the  temperature^  pulse 
and  respiration.  The  tern[>erature  may  rise  to  11)5'  or  106''  or 
even  higher,  the  pnlse  becoming  rapid  and  arythmie.  The  more 
corrtplete  tlie  loss  of  funetifUi  in  the  phn*nie,  the  more  pronounced 
will  be  the  aetion  of  the  aecessory  innseles  of  res]iiration  provided 
they  arc  still  eapabli^  of  action.  Fracture  of  the  cervical  region 
may  involve  the  seginents  from  whieh  the  !ierves  of  the  hraehial 
arc  derived,  an<l  the  muscles  paralyzed  in  the  upper  extremity 
will  vary  according  to  the  level  of  the  lesion.  When  the  lesion  in- 
volves the  upper  portion  of  the  l>raebial  plexus  the  upper  extrenn- 
ties  will  be  held  in  a  eharaeterisli**  position  with  the  elbows  flexed, 
and  fhf  upper  arm  iibdueti^l  and  rot^ited  outward.     Injury  to  the 
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lower  portion  of  tlie  plexus  produces  a  different  attitude,  with  the 
arms  not  far  from  the  side  and  the  hands  resting  on  the  chest  in 
pronation.  Tlie  reason  for  these  differences  in  attitude  is  ex- 
plained by  the  formation  and  distribution  of  the  brachial  plexus. 
In  com]>lete  lesions  of  the  cervical  cord  death  almost  invariably 
occurs  within  a  few  houi-s,  if  not  at  the  time  of  the  accident.  If 
the  patient  survives  the  immediate  effects  of  the  injury  the  usual 
motor  and  sensory  paralyses  develop  below  the  site  of  the  injury, 
including  loss  of  sphincteric  control.  If  he  lives  a  few  weeks 
trophic  disturbances  make  their  appearances,  the  most  important 
of  which  is  the  bed  sore. 

Fractur(»-dislocations  of  the  thoracic  region  are  more  constant 
in  their  type  of  deformity  than  are  corresponding  injuries  in  either 
the  cervical  or  lumbar  spines.  Kyphosis  with  crushing  of  the 
body  of  the  vertebra  is  the  rule.  Fractures  of  the  upper  thoracic 
region  do  not  commonly  influence  motion  or  sensation  of  the  upper 
extremities,  thougli  the  usual  symptoms  develop  below  the  lesion 
according  to  tlu»  severity  of  cord  injury.  Loss  of  sphincteric  con- 
trol with  sensory  and  motor  disturbances  of  the  legs  and  lower 
trunk  are  j>resent.  Diminished  or  lost  peristalsis  sometimes  results 
in  severe  tympanites  and  fecal  impaction,  through  interference 
with  the  nerve  supply  of  the  intestines.  Any  or  all  of  the  ab- 
dominal viscera  may  show  diminished  function.  The  thoracic  por- 
tion of  the  spinal  cord  extends  from  the  level  of  the  sixth  cervical 
interspaci?  to  the  ninth  thoracic  V(»rtebra,  and  hence  fractures  of 
the  spine  below  this  level  involve*  the  lumbar  enlargement  or  the 
Cauda  e(|uiiia  rather  than  the  dorsal  segments. 

Injury  to  the  lumbar  enlargement,  situated  opposite  the  lower 
thrc(»  thoracic  and  first  lumbar  vertebra*,  gives  rise  to  flaccid  pa- 
ralyses of  the  lower  extremities,  varying  in  degree  with  the  sever- 
ity of  the  lesion.  The  centers  controlling  the  bladder,  bowel  and 
genitalia  are  all  situated  in  this  portion  of  the  cord,  and  hence  dis- 
turbances in  function  occur  in  these  parts  when  this  portion  of 
the  cord  is  injured. 

Injuries  below  the  first  lumbar  vertebra  may  damage  the  nerves 
forming  the  cauda  etjuina ;  the  motor  and  sensory  losses  will  vary 
according  to  the  nerves  injured.  The  reflexes  in  the  lower  ex- 
tremities will  be  lost  if  the  nerves  are  crushed.  Shock  will  be 
much  less  than  that  accompanying  injury  to  the  cord  itself  even 
when  all  the  nerves  are  crushed. 
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Diagnosis. — The  diagnosis  of  fracture  of  the  spine  and  its  com- 
plications, is  based  on  the  symptoms  previously  described.  The 
alignment  of  the  spine  should  be  determined  by  inspection,  and 
the  tips  of  the  spinous  processes  carefully  palpated.  Isolated  frac- 
tures of  the  spines  produce  only  local  pain,  abnormal  mobility, 
and  sometimes  crepitus;  the  symptoms  of  fracture  of  the  spine  as 
a  whole  are  absent.  It  is,  as  a  rule,  an  easy  matter  to  determine 
the  presence  of  fracture  in  the  spinal  column,  although  an  accu- 
rate appreciation  of  the  details  of  the  fracture  is  often  only  had 
by  means  of  the  X-ray  or  at  autopsy.  Unless  the  most  careful 
examination  is  made  in  fractures  without  deformity  the  condition 
may  be  overlooked  and  subsequent  displacement  may  produce  in- 
jury to  the  cord  which  could  have  been  prevented  if  proper  fix- 
ation apparatus  had  been  employed.  The  important  element  in 
fracture  of  the  spine  is  that  of  cord  injury,  the  degree  and  position 
of  which  determine  the  treatment.  Complete  transverse  lesions 
produce  immediate,  total,  permanent  and  symmetrical  loss  of  mo- 
tion, sensation  and  reflexes  below  the  lesion.  Partial  lesions  are 
usually  followed  by  irregular,  incomplete  and  asymmetrical  motor, 
sensory  and  reflex  losses.  The  motor  losses  below  the  lesion  are 
spastic,  while  the  paralyses  in  the  muscles  supplied  by  the  injured 
segments  are  flaccid.  In  complete  lesions  the  motor  losses,  at  and 
below  the  lesion,  are  all  flaccid.  In  cord  injuries,  loss  of  motion 
in  a  single  muscle,  or  group  of  muscles,  never  occurs.  Such  a 
condition  means  injury  to  one  of  the  peripheral  nerves  rather 
than  a  spinal  segment  or  nerve  root.  When  a  spinal  nerve  is 
crushed  in  one  of  the  intervertebral  foramina,  the  motor  and 
sensory  losses  are  confined  to  the  distribution  of  that  single  nerve 
root.  The  loss  of  rciflexes,  accompanying  shock  and  unconscious- 
ness, often  prevents  the  surgeon  from  making  an  early  diagnosis. 
The  degenerative  and  inflammatory  changes  within  the  cord,  fol- 
lowing pressure,  may  begin  within  a  few  hours  of  the  injury,  and 
hence  the  value  of  an  early  diagnosis  is  apparent.  The  symptoms 
of  bony  pressure  are  prompt  in  onset,  and  usually  not  progressive, 
while  pressure  due  to  hemorrhage  produces  symptoms  which  in- 
crease in  severity  as  the  blood  escapes  into  or  about  the  cord. 
Pressure  myelitis,  however,  gives  rise  to  symptoms  which  are  prac- 
tically identical  with  those  of  hemorrhage,  and  in  a  given  ease  it 
is  not  infrequently  impossible  to  differentiate  between  the  two. 
It  is,  also,  extremely  difficult  in  some  instances  to  differentiate 
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between  a  partial  lesion  due  to  bony  pressure  and  that  due  to 
hemorrhage. 

The  difficulties  of  diagnoses  in  these  cases  are  greatly  increased 
by  the  manner  in  which  shock  and  unconsciousness  sometimes  ob- 
scure the  symptoms  for  a  numl)er  of  hours  following  the  injury. 
Symptoms  simulating  complete  lesions  frequently  change  within 
the  first  twenty-four  hours,  being  replaced  by  the  symptom-com- 
plex of  a  partial  injur>'.  The  X-ray,  especially  in  stereoscopic 
form,  is  sometinu\s  of  the  tzreatest  service  in  determining  the  ex- 
tent to  which  the  lumen  of  the  spinal  canal  has  been  encroached 
upon  by  bony  displacement.  The  level  of  the  cord  lesion  is  de- 
termined by  the  level  of  the  motor  and  sensory  disturbances,  par- 
ticularly the  level  of  the  hy[)eresthetic  zone  and  the  area  of  flaccid 
paralysis. 

Treatment. — The  treatment  of  fractures  of  the  spine  is  directed, 
firstly,  towards  the  fixation  of  the  injured  portion  of  the  column, 
and  secondly,  to  the  alleviation  of  complications  and  their  symp- 
toms. AVith  the  exception  of  isolated  fractures  of  the  spinous  or 
transverse  processes  fracture  of  the  spinal  column  calls  for  a 
fixation  in  some  form  regardless  of  whether  or  not  the  cord  has 
been  injured.  Fixation  is  most  satisfactorily  accomplished  by 
means  of  a  plaster  cast,  modified  according  to  the  region  of  the 
injury.  In  the  cervical  spine  it  should  be  so  applied  as  to  include 
the  head,  neck  and  shoulders,  leaving  the  arms  free.  In  the  dorsal 
region,  it  will  be  necessary  to  include  the  chest  and  upper  abdomen, 
together  with  the  neck,  if  the  fracture  is  high.  AVhen  the  lower 
dorsal  or  lumbar  vertebrae  are  fractured  the  cast  should  extend 
from  below  the  armpits  to  the  hips,  including  the  crests  of  the 
ilia.  In  whatever  region  the  cast  is  applied,  the  deformity  should 
be  previously  corrected  as  perfectly  as  possible,  and  the  patient  s 
position  maintained  unchanged  until  the  plaster  has  become  suffi- 
ciently set  to  properly  splint  the  parts. 

Fractures  of  the  cervical  spine  may  be  held  in  reduction  by  the 
hands  of  an  assistant  while  the  cast  is  being  applied.  In  the 
dorsal  and  lumbar  rcirions,  correction  of  the  deformity  is  much 
more  difficult  because  of  the  weight  and  bulk  of  the  parts  handled. 
Reduction  in  these  portions  of  the  column  may  be  accomplished 
in  a  number  of  ways,  any  of  which  is  satisfactory  if  properly 
performed.  The  possibility  of  producing  cord  or  n^rve  injury,  or 
even  death,  while  correcting  the  deformity  should  be  constantly 
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kept  in  mind  durinpr  tli<>se  proei^(hiTv,s,  All  nianipiilations  should 
hv  gradual,  geutle,  and  guarded  and  tlu*  greatt^st  care  t^xerelsed  in 
moving  the  patient  to  avoid  strain  or  further  displacement  of  the 
injured  portions  of  the  spine. 

If  the  patient  is  plaeed  on  two  tablets,  faee  downward,  and  the 
tables  so  st*parated  that  the  body  sags  downward  between  theiu,  thi^ 
deformity  will  not  nneoinmonly  be  reduced  without  further  ma- 
nipulation, n  en  tie  pressure  over  the  prominent  .spines  may  be 
necessary  in  addition  to  secui'c  pro|)er  relations  of  the  fragments. 
Two  or  three  assistants  will  be  necessary  to  securely  hold  the  pa- 
tient at  the  shoulders  and  heels  to  prevent  hin  clipping  off  the 
tables,  and  to  maintain  the  proper  degree  of  spiiml  eurvatnre. 
In  this  position  the  surgeon  may  begin  the  application  of  the  plas- 
ter bandages,  the  skin  of  the  trunk  having  been  previously  pro- 
tected by  means  of  a  snug,  soft  woven  shirt.  Another  metfiod 
consists  in  suspending  the  patient  in  a  hammoek,  and  so  regulating 
the  tension  at  whieh  the  hammoek  is  hung  that  the  proper  sfnual 
curvature  is  obtainetl,  and  llie  defornuty  correeted.  The  Brad- 
ford'Lovett  hammoek  frame  is  an  excellent  apparatus  in  the  aj^pli- 
cation  of  a  east  of  this  kind.  It  matters  little  how  the  east 
is  applied  provided  the  following  essentials  are  observed:  The 
deformity  should  be  corrected ;  the  east  should  be  sufflcieutly  heavy 
to  withstand  the  subsequent  strain;  it  should  possess  sonve  non- 
irritating  lining  and  should  so  seenre  ihv  trunk  tliat  Ib*^  spine  is 
immobilized.  A  stomaeh  pad  eonsisting  of  two  or  three  folded 
towels  sliould  be  plaeed  over  the  abdomen,  before  the  plaster  is 
applied  and  removed  when  the  east  is  completed.  This  allows 
room  for  comfortable  respiration  and  eating  during  the  after- 
treatment.  It  is  essential  that  the  cast  remain  exposed  to  the  air 
(not  covered  with  bed  clothes)  for  twenty-four  hours,  or  until  the 
plaster  has  thoroughly  set  and  dried. 

Immobilization  of  the  spine  may  be  aecouiplished  In  other  ways 
besides  the  ] piaster  cast,  though  jirobably  not  any  more  satisfaetorily 
in  tl^e  usual  ease.  Steel  bracks,  similar  to  those  euiidoyed  iri  the 
treatment  of  Pott's  disease,  n»ay  be  nsi'd  in  fixing  flie  spine. 

The  water  bed   has  been   iimeb   usetl   in   the   treatuient   of  these 

leases,  thongli  tfi**  lixation  of  recumbeney  alone  is  by  n*>  means  as 

effieient  as  that  produeed  In'  tlu*  east  or  brace.     In  the  early  tr**at- 

laient  of  fraeture  of  the  spine,  extension  and  eounter-extension  may 

I  be  employed  by  uieans  of  Buck's  apimratus  applied  to  both  lees 
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with  the  foot  of  the  bed  raised.  Sand  bags  about  the  body  serve 
to  steady  the  parts,  and  a  small,  hard  pillow  under  the  small  of 
the  back  will  maintain  the  proi)er  dorsal  curvature.  The  Bradford 
frame  may  be  used  to  advantage  when  simple  recumbency  is  the 
method  of  fixation. 

It'  the  fracture  is  (*omplicated  by  cord  or  nerve  injury,  the  indi- 
cations to  be  met  in  the  treatment  are  much  more  complex.  In 
addition  to  fixation  of  the  spine,  the  relief  of  symptoms  resulting 
from  the  complication  is  demanded  as  far  as  may  be  possible. 
This  may,  or  may  not,  require  operation.  When  an  absolute  diag- 
nosis of  complete  crushing  to  the  cord  can  be  made,  operation  is 
contraindicated,  since  it  can  do  no  good.  In  partial  lesions  we 
should  open  the  spinal  canal  at  the  seat  of  injury  for  the  removal 
of  such  pressure  as  may  he  present.  Fractures  of  the  spine  below 
the  cord,  with  syini)toms  of  injury  to  the  cauda  equina,  call  for 
operation. 

Operative  Treatment.-  The  (piestion  of  when  to  operate  and 
when  to  treat  the  patient  expectantly  has  been  the  subject  of  much 
discussion.  At  tlie  })re.sent  time,  however,  it  is  commonly  agreed 
by  most  surgeons  that  complete  crushing  injury  to  the  cord  should 
not  be  oj)erated  because  of  the  hopelessness  of  the  condition.  The 
dii!iculty  in  determining  when,  and  when  not,  to  operate  in  a  given 
caije  arises  from  the  difficulty  of  an  accurate  diagnosis  of  the  con- 
dition of  the  cord.  Partial  lesions  to  the  cord  and  injuries  to  the 
Cauda  eijuina  deinand  operative  intervention  in  almost  all  cases. 
The  peculiarities  of  each  individual  case,  however,  must  be  consid- 
ered by  themselves,  and  couiplicatin<i:  conditions  such  as  shock  and 
injuries  to  other  i)()rtions  of  the  body,  especially  the  skull,  neces- 
sarily modify  the  indieations  for  operation  and  the  best  time  for 
its  performance.  Compound  fractures  of  the  spine  invariably  call 
for  surgical  measures.  The  objects  for  which  operation  is  per- 
formed, are:  the  correction  of  deformity,  decompression  of  the 
cord,  suture  of  nerves,  and  the  treatment  of  the  wound  in  com- 
pound cases. 

The  permanency  of  the  sensory  and  motor  losses  determines  the 
completeness  of  the  cord  injury,  but  when  operation  is  delayed 
for  a  few  days  to  establish  the  diagnosis,  the  prognosis  in  partial 
lesions  is  rendered  much  worse  by  the  d(»velopment  of  pressure 
myelitis,  and  other  degenerative  processes  within  the  cord.  For 
this  reason  some  surgeons  maintain  that  the  spinal  canal  should 
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be  opened  in  practically  all  instances  complicated  by  cord  injury, 
for  the  sake  of  removing  pressure  in  partial  lesions  which  could 
not  be  otherwise  differentiated  from  total  crushes.  If  we  follow 
this  principle,  we  must,  of  necessity,  submit  many  cases  of  com- 
plete crushing  to  operation  for  the  sake  of  relieving  pressure  in 
instances  in  which  the  legion  proves  to  be  only  partial.  The  ques- 
tion might  then  be  asked,  and  not  without  reason,  **What  harm 
has  been  done  by  operating  upon  complete  lesions  when  they  are 
hopeless  from  the  first?''  Spinal  decompression  is  by  no  means 
as  successful  as  might  be  wished,  yet  if  only  a  moderate  degree 
of  improvement  results  the  operation  is  justified.  The  state  of 
the  patient,  even  though  he  be  confined  to  a  wheel  chair  is  much 
more  tolerable  than  when  he  is  completely  bedridden  and  unable 
to  help  himself. 

The  spinal  canal  may  be  opened  by  simple  laminectomy,  or  by 
means  of  an  osteoplastic  resection.  In  performing  a  laminectomy, 
a  median  incision  four  or  five  inches  long  is  made  in  the  region 
of  the  injury.  The  muscles  are  separated  from  the  spines  and 
lamina*  on  either  side,  preferably  by  blunt  dissection.  If  hemor- 
rhage proves  troublesome  one  side  should  be  packed  with  gauze, 
wiiile  the  other  is  being  worked  upon.  It  is  next  determined  how 
many  sets  of  si)ines  and  laminae  are  to  be  removed  to  properly 
expose  the  region  of  injury.  The  supra-  and  inter-spinus  liga- 
ments and  ligamentum  subflavum  are  then  divided  below  the  low- 
est spine  to  be  removed  and  above  the  uppermost  pair  of  laminae 
to  be  included  in  the  resection.  Care  should  be  taken  not  to 
introduce  the  scali)el  too  far  in  dividing;  the  ligaments  lest  injury 
be  inflicted  on  the  contents  of  the  neural  canal.  The  laminae  are 
next  divided  near  their  junction  with  the  transverse  processes  by 
means  of  a  saw,  chisel  or  heavy  bone  cutting  forceps,  after  which 
the  ost^o-ligamentous  section  is  removed,  exposing  the  dura.  The 
theca  is  then  opened  by  immediate  incision,  and  the  cord  and  its 
nerves  examined.  Inspection  and  palpation  will  disclose  the  na- 
ture and  degree  of  pressure  on  the  cord,  together  with  the  second- 
ary changes  which  may  have  occurred.  Pressure  may  be  relieved 
in  some  instances,  by  simply  correcting  the  deformity  in  the  column, 
or  it  may  necessitate  the  chiseling  away  of  bony  prominences  or 
the  removal  of  fragments.  Hemorrhage  about  the  cord  is  readily 
recognized  when  the  dura  is  exposed  and  opened.  Hemorrhage 
into  the  substanct*  of  the  cord  gives  a  distended,  swollen  appear- 
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ance.  It  is  probably  wise  to  drain  the  contents  of  hematomyelia, 
though  this  jiroeedure  has  not  l>een  i)erfornied  sufficiently  often  to 
permit  of  trustwortliy  conclusions.  The  removal  of  spines  and 
lamina;  leaves  a  deficiency  in  the  spinal  eolumn,  yet  disturbances 
in  function  resulting  from  this  loss  are  extremely  rare.  Lami- 
nectomy produces  greater  injury  to  the  circulation  than  occurs 
in  an  osteoplastic  resection,  yet  it  has  other  advantages  which  more 
than  make  up  for  the  difference.  When  the  normal  anatomic  re- 
lations are  disturbed  by  fracture  or  dislocation,  it  is  safer  to  expose 
the  lamina;  befon*  dividing  them ;  then*  is  less  danger  of  injury 


Kijr.   r)»;().      Mj-iIukIm  of  wiring  tlic  prorrssi-s  ti>K<-tMiT  soiiictinufi  oinpluytKl  in  oi>ermting 
on   fructurrh  of  tin*  spiin:. 

to  till'  contents  of  th(^  canal  if  the  bony  landmarks  are  exposed  and 
the  (ielonnity  accompanying  the  fracture  fully  appreciated. 

In  opening  the  spinal  canal  by  the  osteoplastic  method  a 
U-shaped  incision  is  made,  the  vertical  arms  of  which  are  parallel 
to  the  spinous  processes  in  the  region  of  the  injury.  The  soft  tis- 
sues are  divided  by  a  deep  incision,  down  to  the  laminae.  The 
li*,'anu*nts  are  then  dividi'd  transv(»rsely  between  two  vertebrae  below 
the  seat  of  tli(i  fractun?  as  described  in  himinectomy.  The  laminae 
are  tli<*n  <Mit  on  either  side  near  their  juncticm  with  the  pedicles, 
a  sufiieient  number  of  arches  being  divided  to  turn  four  or  five 
spines  upward  in  the  osteopbistic  flap.  \Vh<'n  this  operation  is 
done  in  the  dorsal  region,  when^  the  spines  are  imbricated,  it  may 
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lie  necessary  to  rt*iuove  thi^  tip  of  tlie  vertrliml  spin**  just  above 
the  hase  uf  the  flap  befon:!  thi'  UiiU'V  eaii  be  turned  bat-k.  Tbis  is 
best  accomplished  through  a  short,  median  iueision  over  the  spine 
to  he  removed  (see  Fig.  561).  After  tlie  deformity  bas  breii  t*or- 
rented,  and  the  pn\s.sure,  wbetber  due  to  bone  or  blood,  removed, 
the  flap  is  sutured  in  position,  with  drainage  in  the  lower  angle. 
It  is  usiudly  iireessary  fo  ap[dy  a  east  to  maintain  rt'duetion. 

When  injuries  to  the  eord  exist  nothing  ean  be  done  wbieli  will 
be  followed  by  regeneration  in  tbe  destroyed  ndls  or  tracts,  yet 


Ftpc,  MliT— Lines  indii-atinK  tlip  tiitUionM  nnod  in  uperuliuuR  on  the  spine.  A.  B.^ 
tuediuti  In^don  vrnploy^^d  in  bimhierltmi:;'.  Th»  Ivttp  (-.-D,  is  uKcd  in  aa  ONlenplasUc 
flttp.  The  indnion  E.F.  is  nmt]o  (o  dividi^  llur  bpinout  procini*  above  the  flap  «o  ttie 
flttp  cany   be  turned  back, 

defornnty  sboidd  be  eorrcH'tiHl  and  ivfpssiire  nninvcd  to  avuid  tbe 
Riibseqnejit  d**velo[niient  of  set'ombiry  eoniplii-Mtions.  If  spinal 
nerves  art-  divided  they  eall  for  suture,  in  addition  to  tbe  retnoval 
of  presBiire, 

There  is  no  established  lerhjiiipU'  or  mode  of  proeedure  in  oper- 
ating npon  fractures  of  the  spin<\  Tin*  tindinyrs  in  a  given  case 
will  point  out  tla-  indications.  Ttie  riperations  just  described  are 
for  tbe  jHiriiases  of  relicvimr  cord  and  nerve  injuriej^,  and  have 
little  to  ilo,  primarily,  wttti  Ibc  eorrection  and  lixation  of  the  de- 
formity.    Oj)eration  ftir  ttiese  |>nrt)0seH  ah^ne  is  (Uily  rarely  found 
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necessary.  If  an  uncomplicated  fracture  of  the  spine  exists,  with 
pronounced  tendency  to  the  recurrence  of  deformity  following  re- 
duction, we  may  be  justified  in  exposing  the  spines  and  lamins 
with  a  view  to  fixing  them  by  means  of  wire  as  described  by  Hadra. 
The  essentials  of  the  method  consist  in  securing  sound  spines  above 
the  injury  to  tliose  below  the  seat  of  fracture,  by  means  of  silver 
wire  (see  Fig.  560). 

After-Treatment. — The  after-treatment  in  fractures  of  the  spine 
is  directed  firstly,  to  maintaining  fixation  of  the  fracture,  and 
secondly,  to  the  symptomatic  treatment  of  disturbances  resulting 
from  cord  or  nerve  injury.  The  apparatus  used  for  fixing  the 
spine  whether  cast,  brace,  extension  or  other  apparatus,  should  be 
carefully  inspected  from  day  to  day  to  avoid  irritation  of  the  soft 
parts  which  so  often  results  in  the  development  of  sluggish  sores. 
This  applies  to  any  form  of  fixation  appliance  employed  in  the 
treatment  of  fracture,  but  especially  in  complicated  fractures  of 
the  spine  when  anesthesia  and  the  loss  of  the  protective  pain  sense, 
together  with  disturbed  trophic  supply  favors  the  development  of 
sores  and  extensive  sloughs  without  the  patient  realizing  his  con- 
dition. The  buttocks  and  heels  require  especial  care  to  prevent 
the  development  of  bed  sores.  A  pneumatic  ring  may  be  used  to 
relieve  the  sacral  region  from  pressure,  and  pads  of  cotton  may 
be  placed  under  the  tendo-achilHs  to  prevent  the  heel  resting  on 
the  bed.  These  parts,  especially,  should  be  bathed  in  alcohol  twice 
daily  if  the  slightest  evidence  of  skin  irritation  is  present.  The 
p(  riiieal  and  gluteal  regions  should  be  kept  scrupulously  clean  to 
prevent  irritation  from  urine  and  feces. 

One  of  the  most  discouraging  conditions  with  which  we  have  to 
contend  is  that  of  cystitis  which  almost  invariably  develops  fol- 
lowing the  repeated  use  of  the  catheter.  It  is  needless  to  say  that 
the  most  strict  aseptic  precautions  should  be  observed  if  cathe- 
terization is  found  necessary.  It  is  advisable,  when  possible,  to 
rely  on  the  bladder's  emi)tying  itself,  even  when  a  moderate  de- 
gree of  urinary  distention  is  present.  Gentle  massage  of  the  dis- 
tended viseus  will  often  result  in  a  fairly  satisfactory  evacuation 
of  the  bladder,  and  although  this  method  is  by  no  means  ideal,  yet 
it  is  far  better  to  get  along  in  this  way  than  to  resort  to  the 
catheter  with  its  almost  inevitable  train  of  disastrous  results  fol- 
lowing infection  of  the  genito-urinary  tract.  If  the  bladder  be- 
comes infected  during  the  after-treatment,  it  is  often  best  to  estab- 
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lish  permanent  drainage  to  control  the  condition.  Suprapubic 
cystotomy  may  be  performed  and  a  suction  apparatus  employed 
to  keep  tlie  bladder  empty.  This  is  probably  as  satisfactory  a 
method  as  any  of  dealing  with  infection  of  the  bladder  under  these 
circumstances.  When  analgesia  is  present  in  the  hypogastric 
region,  the  operation  may  be  performed  without  an  anesthetic. 
The  bladder  should  be  washed  at  least  once  daily  with  a  boric  acid 
or  potassium  permanganate  solution.  Some  surgeons  prefer  peri- 
neal drainage.  Permanent  catheterization  has  been  employed  with 
success,  though  the  urethra  will  not  tolerate  the  presence  of  a 
foreign  body  indefinitely.  The  intermittent  use  of  hexamethylene- 
tetramine  will  be  found  of  service  in  dealing  with  infection  of  the 
genito-urinary  tract. 

Obstipation  and  fecal  impaction  sometimes  accompany  fracture 
of  the  spine,  and  must  be  dealt  with  by  laxatives,  enemata,  mas- 
sage, and  in  some  instances  mechanical  removal  of  the  impacted 
material. 

The  condition  of  some  of  these  patients  is  so  obviously  hopeless 
that  it  is  often  wise  to  make  them  comfortable  even  though,  in 
some  respects,  it  may  be  at  the  expense  of  their  physical  welfare. 
Severe  shooting  pains  in  the  hyperesthetic  areas,  when  severe,  call 
for  the  exhibition  of  opiates. 

Prognosis. — The  outlook  in  uncomplicated  fractures  of  the  spine 
is  good,  e8i)ecially  when  a  fair  reduction  of  the  deformity  has  been 
accomplished.  When,  however,  injuries  to  the  spinal  cord  accom- 
pany the  fracture,  the  prognosis  is,  at  best,  discouraging.  There 
w^ill  be  permanent  loss  of  function,  the  degree  varying  with  the 
extent  of  the  injury,  and  the  improvement  which  takes  place  in 
these  cases  is  usually  too  trifling  to  be  of  real  importance.  Cases 
of  partial  injuries  to  the  cord  which  survive  the  immediate  effects 
of  the  accident,  lead  a  life  of  invalidism  varying  from  a  few  months 
to  a  few  years,  (^ases  of  complete  crushing  of  the  cord  seldom 
live  more  than  a  few  months.  Death  usually  follows  as  a  result 
of  some  intercurrent  condition,  such  as  infection  of  the  genito- 
urinary tract,  meningitis,  septic  states,  pneumonia,  etc.  The  lower 
the  injury  in  the  spine,  the  better  the  prognosis.  Operation  is 
of  no  avail  in  complete  crushing  injuries,  although  it  renders  the 
prognosis  much  more  favorable  in  partial  lesions  especially  when 
done  within  a  few  hours  of  the  injury. 


FHACTrRKS  AM)  lUSLOCATIONS  OP  THE  PELVIS. 

Surgical  Anatomy,  The  pelvis  is  originallv  made  up  of  tifteeil 
boiu/s;  three  in  e^ither  cm  inTiominatiira,  five  in  the  saertim  and  foi: 
in  the  e<H*eyx.  Wht-n  osHiiieation  Ls  complete  we  have  but  four,1 
iiiehidiu^  the  eoecyx  whieh  is  attached  to  the  lower  end  of  the 
saenira.  The  pelvis  lias  fifty-five  centers  nf  ossifieation*  some  of 
whieh  are  of  suri^ieal  iniportanee.  The  os  iiuiominatum  has  three 
primary  centers,  one  for  each  of  the  three  bones  enter inisr  into  its 


Fir  ^^^^ — *l'he  pelvti.  S..  Sjmphyfiis  pubis;  P..  Ihniy  of  ptibi§;  A.R..  \%c^nd\m 
rBtnii» ,  I.r.R.,  Ischio  pubic  rftmi;  /.,  lirhium;  A,  Ac^iahulvnn;  A^SJS.,  Anterior 
Aupcrior  fliac  ftpine;  AJJ.S.,  Anterior  infi>rior  iliAc  ipitie,  Lambitr  aod  ■ncriU  vert*- 
brm  numbered  in  order. 

formation.  The  ilium,  iseliinin  and  pubis  iiieot  in  the  aeetabnlura, 
and  prior  lo  the  fusion  of  these  three  hones  tliey  are  s«*pa rated  by 
a  Y-shaped  cartilage.  A  blinv  on  the  troehanter  therefore,  may 
break  the  oh  iniinminatnm  hito  its  three  anatomical  parts,  the  in- 
jury reseniblinir  the  epijihyseal  sei>arHtions  seen  els^Mliere  in  the 
long  lioncs.  Tfie  threi-  iKmes  Ijeeoiiie  united  at  about  the  seven- 
teenth year,  after  wliieli  this  injury  cannot  take  place.     The  entire 
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crest  of  the  ilium  umy  l>i-  separated  as  an  ein[*hysis,  or  its  anterior 
portion  may  be  pulled  away  by  muHcular  action  prior  to  the  twen- 
ty-fourth year,  at  Avhieh  time  it  joins  the  rest  of  the  ilium.  The 
ei^ipbysis  of  the  anterior  infrrior  iliai^  spine  has  been  «vulsed  by 
the  action  of  the  f^traifrht  heiid  of  the  reetun  feuioris,  anfl  liy  trac- 
tion  transmitted  to  it  through  tiie  Y-ligament  of  Bigelow,  The 
development  of  the  i^aerum  is  also  of  interest  in  this  respect;  the 
lateral  surfaces  of  the  bone  are  ossified  by  plate.s  whi<'h  are  in 
reality  epiphyses.  Fraeturt*  in  tins  region  will  tind  the  plane  of 
least   resistanee,  often    Following   \hv   epi[>liystsd    cartilages   ratlur 


Fig.  563, — Lnlcrnl  vWw  of  pclvifi.  A.SJ.S,^  Antprior-Kuppriiif  iliiif  Mfiinp;  A  i  I  S.. 
Anterior  inferior  ilinc  miiriB;  (tJt.,  Oliitpiif.  Mn*imnH;  ft  Mfti.,  C]ltihnti«  m<*diii*;  OlH*fti» 
min.,  Olulriu  minimum;   A.,  Aivtfthtiluni ;  ^M^,  HrmiDiembrfttiosu» .   il.,   Biceps, 

than  the  artirulation  itself.     Fraetnrn  of  the  incompletely  assified 
sacrum  follows  the  eartilaije  rather  than  the  hone. 

The  ossa  innominala  transmit  the  weight  of  the  body  from  the 
spine  to  the  femora  in  tlie  erect  posture,  or  to  the  tuhera  ischioruni 
in  the  sitting:  position,  Tlie  saernm,  together  with  that  portion 
of  tlie  ossa  innominata  behind  the  aeetabula,  forms  an  areh  for 
the  transmission  of  wt^i^ht  to  the  femora ;  another  areh  with  the 
tuhera  is4*hiortim  as  the  base  transmits  the  weight  from  tlie  spine 
to  the  olijcct  on  which  the  person  sits.  The  anterior  portion  of 
the  pidvjK  is  eoniposed  of  the  pnbes,  and  the  rami  which  connect 
them  above  and  heknv  the  thyroid  foramina  with  the  remainder 
of  the  pelvis.     This  part  of  the  pelvis  is  composed  of  two  counter- 
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arches  for  tUo  support  of  the  two  main  an-hrs  just  desc ritii^d.  Th«* 
piihes  and  two  aj^eendinif  rami  conHtitute  thi*  iippcT  counter-arcli, 
rei'nforeiijg  the  main  arrh  wfiicfi  trari8init«  the  weight  to  the  fernora: 


'    „_:  >'•<    uf     Uio    (M'lv  iM     tlimuv'I'L     il'H'    boKom    of     iUiy    »r»*t.Tl»nluiit     tin 

trautiuh  UikJU&miLlcil   lliiuujfh   the  lerinir. 


while  th(*  pnbes  and  two  imrhiopubic  rami  form  the  counter-areh 
for  the  main  arch  fmviri(?  its  base  in  the  tw^o  tubera  ischionim. 
The  aiitorior  portion  of  the  pelvin  h  mueh  lijihter  than  the  pos- 
terior and  more  frequently  fractured*     The  main  arche^a  are  very 
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strong  and  it  not  infrequently  happens  that  the  counter-arches  are 
fractured  by  excessive  strains  which  have  been  applied  to  the  main 
arches,  without  however  breaking  the  latter.  When  antero-pos- 
terior  force  is  applied  the  anterior  portion  of  the  pelvis  gives  way 
first,  and  then,  if  the  force  continues  to  act,  the  lateral  portions 
of  the  pelvis  are  forced  apart  and  there  is  likely  to  be  injury  in 
the  region  of  the  sacro-iliac  joints.  Transverse  violence  breaks 
the  counter-arches  forcing  them  forward,  after  which  the  main 
arches  give  way  and  we  have  fracture  of  the  lateral  portions  of 
the  pelvis  or  in  the  region  of  the  sacro-iliac  synchondrosis.  In  the 
first  instance  fracture  of  the  anterior  portion  is  by  direct  violence, 
while  the  second  is  by  indirect  violence.  The  action  of  violence 
on  the  pelvis  might  be  likened  to  the  mechanism  of  fracture  of  the 
skull,  which  results  in  fracture  ''by  bending''  and  fracture  *'by 
bursting/'  Isolated  fracture  of  the  posterior  portion  of  the  pelvis 
only  occurs  in  the  presence  of  well  localized  and  severe  trauma. 
Numerous  muscles  are  attached  to  the  surface  of  the  pelvis,  both 
internally  and  externally,  and  these  muscles  each  have  a  displacing 
tendency  when  fracture  is  present.  Their  origins  and  insertions 
should  be  understood  in  order  that  we  may  appreciate  their  influ- 
ence on  deformity. 

To  the  crest  of  the  ilium  we  have  the  erector  spinas,  the  latissimus 
dorsi,  quadratus  lumborum,  external  oblique,  internal  oblique  and 
transversus  abdominal  is,  tensor  vagina?  femoris  and  sartorius. 
These  muscles,  with  the  exception  of  the  last  two,  pull  in  an  up- 
ward, or  upward  and  inward  direction,  while  the  last  two  pull 
downward  toward  tlie  thigh.  The  external  surface  of  the  ilium 
affords  attachment  to  the  three  gluteal  muscles,  while  the  inner 
surface,  above  the  brim  of  the  true  pelvis,  is  taken  up  by  the 
origin  of  the  iliacus.  The  pubis  affords  attachment  to  the  con- 
joined tendon  of  the  internal  oblique  and  transversalis,  the  tendon 
of  the  external  obliciue,  rectus  and  pyramidalis.  All  the  muscles 
of  this  group  pull  upward,  or  upward  and  outward.  The  anterior 
surface  of  the  pubis  and  the  ischiopubic  rami  afford  attachment 
to  the  adductor  muscles;  the  tuber  ischii  to  the  semimembranasus, 
semitendinosus  and  the  biceps,  all  of  which  have  a  downward  pull. 
When  the  fragment  is  free  the  tendency  is  toward  displacement  in 
the  line  of  pull  of  the  muscle  attached.  The  vascular  and  nervous 
structures  passing  under  Poupart's  ligament  lie  close  to  the  ascend- 
ing ramus  of  the  i)ul)is  and  may  be  injured  by  displaced  fragments. 
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\Vt'  \in\i'  iIh'  iiit«*riial  \nu\\o  artery  ninning  on  the  inner  surface 
of  tiM-  is<hiopubi<'  mini  wln^re  it  may  be  injured  when  this  portion 
of  tiM'  jxlvis  is  frartun'd.  The  structures  passing  through  the 
iirt'iiit'r  nud  U-^st'i'  sr*iatic  foramina  are  also  to  be  considered  in 
fra^tiin-  of  lln-  posliTJor  portion  of  the  pelvis. 

TIh'  hlaild<r  ]i«s  iH-hiiid  the  pubes  and  is  more  or  less  attached 
to  th<*  hoiHs  hy  lihrous  tissue;  it  may  be  injured  by  compression 
wht'U  i\u'  visi'us  is  full,  by  the  penetration  of  fragments  or  by  the 
l>iill  of  tlu*  <onn<ctive  tissue  when  portions  of  the  bone  are  dis- 
pJac^Ml.  Tln'  two  layers  of  the  triangnilar  ligament,  composed  of 
hi'avy  fibrous  tissue*,  an*  firmly  attaehed  to  the  ischiopubic  rami 
wbi<li  form  tin*  subpubic  areh.  When  this  arch  is  fractured  the 
Hjranicnt  is  usiuilly  torn  and  since  the  urethra  passes  through  the 
lij^amcnt  it  may  also  sufTcr  injury.  The  rectum  is  situated  in  the 
posterior  portion  of  the  p<*lvis,  follows  the  curve  of  the  anterior 
surface  of  the  sacrum  and  coccyx,  and  in  this  protected  position 
is  rarely  injure<l.  The  nerves  passing  through  the  sacrum  and 
in  close  relation  to  the  coccyx  may  be  injured  when  this  region  of 
the  pelvis  is  fractured. 

Etiology.  -Fracture  of  tiie  pelvis  is  usually  the  result  of  great 
violence  such  as  oc<Mirs  when  the  patient  is  caught  between  two 
railroad  nws  or  crushed  beneatli  falling  rock  in  mine  accidents. 
Falls  from  heitrhts  may  produce  the  condition,  the  force  often  being 
transmitted  through  the  femora  or  tulh'ra  ischiorum.  Fracture  of 
the  pelvis  is  comparativ<*ly  a  ran*  accident,  constituting  about  one- 
halt'  percent  of  all  fractun-s.  Tlie  flariuir  ilia  are  more  frequently 
fractured  than  is  the  true  jielvis  ])ecause  of  their  lighter  structure 
and  more  exposed  positions. 

Classification  and  Pathology.  The  pelvis  is  a  complex  structure 
lu)th  in  its  bony  parts  and  its  relation  to  viscera.  The  different 
portions  of  the  pelvis  .should  be  studied  individually,  and  then  the 
pelvis  as  a  whole  is  to  be  consicb'i-ed  with  reference  to  its  various 
functions.  Like  the  skull,  the  most  important  feature  of  fracture 
of  the  pelvis  consists  of  the  injury  which  may  be  sustained  by 
adjacent  soft  tissues,  in  other  words  the  complications  occurring 
in  fractture  of  the  pelvis  are  far  more  serious  than  the  fracture 
itself. 

FraetuH'  of  the  p<'lvis  may  be  divided  cliincally  into  complicated 
(ififl  iifictnnplicdffd  cnsfs.  rncomi)licated  fracture  commonly  oc- 
curs in  isolated  fracture  of  soj»ie  one  of  the  three  bones  forming 
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tlie  OS  iniiotninatHnj  wliile  the  en tn plicated  type  is  mast  eommonly 
seen  when  tiie  ]M4vic  girtllr?  is  fnirhired. 

Uneomplieated  fracture  most  frequently  oeeurs  iu; 

1.  The  upper  expanded  portion  of  the  ilium. 

2.  The  rim  of  the  acetabulum. 

3.  The  tuberosity  of  the  LHehiutn. 

4.  The  eoceyx  and  tip  of  the  saenini. 

The  enmplieated  type  is  represented  hy; 

1.  Separation  of  the  symphysis  pubis. 

2,  Fracture  of  the  pubic  and  isehiopubie  rami, 

3,  Vertical  fracture  of  tfh*  la  tend   portions  in  the  region  of 

tlie  aeetabulum, 

4.  Separation  of  the  Hacro-iliac  jointn. 
f).  Trausvense  f rat-lure  of  the  sacrum. 

Considerable  useless  distiuetiou  has  bi^eu  niiidt*  between  fracture 
and  disloeation  of  the  pelvis.  Profmbly  the  oidy  real  dislocation 
oeeurring  in  tlie  prlvis  is  that  of  tlie  coccyx.  The  so-called  dislo- 
cations deseribed  as  having,'  taken  place  in  the  saero-iliae  syuehon* 
drosis  are  et  most  only  snblnxation.s,  usually  eomplieated  by  frac- 
ture in  the  immediate  neiijhborhood  of  the  joint.  In  most  of  the 
rejjorted  cases  of  saero-iliac  disloeation  fracture  has  beiTi  recog- 
nized as  a  complication  and  in  other  instances  the  report  would 
indic'Htc  that  thc^  prcst^nci*  of  fracture  had  not  been  fjro[H'Hy  ex- 
cluded by  X-ray  examination.  Separation  of  the  symphysis  may 
be  considered  as  a  dislocation  thonj^h  it  is  probably  more  in  ae- 
conhiuee  with  the  pathological  fJiets  tu  plare  it  uiu]vr  thr  heading 
of  fractures. 

Symptoms. — The  symptoms  of  frneture  of  the  [>elvis  will  vary 
ueeording  to  the  region  of  the  injury  and  the  complications  present. 
Isotatecl  frarture  of  a  small  [»ortiou  of  the  pelvis  such  as  the 
anterior  superior  iliac  spiur  will  not,  as  a  rule,  give  ri8e  to  more 
tliau  local  nymptoms.  There  will  be  more  or  lem  localized  pain 
whirh  is  increased  when  the  patient  moves  about.  On  examination 
wp  Hud  abnormal  moiiility,  erepituH,  tenderness,  swelling,  etc. 
Hut,  on  the  other  hand,  when  the  pplvic  jrirdlc  i-s  fractured  and 
i*om plications  are  |u*rst*ut,  wr-  have  a  very  ditfercnl  clinical  picture, 
Shoek  is  a  prundm^ut  symidom  as  cvidenet^l  by  pallor,  cold  clammy 
skiji,   weak  rapiil   pulse,  etc.     Collapse  and    unconsciousness   may 
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Kupervene  in  pronounced  cases.  If  conscious  the  patient  suffers 
intense  pain  and  deformity  of  the  true  pelvis  is  present  to  a  greater 
or  less  degree.  It  is  often  possible  to  elicit  abnormal  mobility 
and  crepitus  upon  examination  though  the  surgeon  should  exer- 
cise the  greatest  care  to  avoid  further  injury  to  the  viscera  by 
manipulation.  Inability  to  walk  may  be  due  to  pain,  shock  and 
visceral  injury  or  it  may  be  the  result  of  mechanical  disturbance 
in  the  weight-carrying  function  of  the  pelvis.  If  that  portion  of 
the  pelvis  bearing  the  acetabulum  is  displaced  upward  there  will 
be  shortening:  in  the  lower  extremity  of  the  same  side.  To  these 
symptoms  will  be  added  those  peculiar  to  the  complications  present. 

Of  the  uncomplicated  fractures  of  the  pelvis,  isolated  fracture 
of  the  upper  expanded  portion  of  the  ilium  is  the  most  common, 
while  fracture  of  the  anterior  portion  of  the  pelvic  ring  is  the  most 
frequent  representative  of  the  complicated  type. 

The  symptoms  occurring  in  the  different  types  of  uncomplicated 
fracture  of  the  pelvis  are  as  follows: 

1.  Fracture  of  the  upper  expanded  portion  of  the  ilium  will  be 
accompanied  by  pain  in  the  region  of  the  injury,  tenderness  and 
often  swelling.  Ecchymosis  frequently  develops  after  the  first 
twelve  or  twenty-four  hours.  Pain  will  be  increased  by  any  motion 
which  calls  into  activity  the  muscles  attached  to  the  fragment  or 
fragments.  When  the  course  of  the  fracture  is  horizontal  the 
crest  may  show  marked  upward  displacement.  The  line  of  frac- 
ture will  frequently  be  found  running  downward  and  forward  from 
the  middle  of  the  crest,  or  less  commonly  downward  and  backward 
from  the  same  point.  The  fracture  is  usually  due  to  direct  violence 
and  accordingly  bruises  or  abrasions  are  frequently  seen  in  the 
skin  over  the  region  of  injury.  In  rare  instances  the  intestines 
lying  in  the  hollow  of  the  ilium  may  suffer  injury,  producing  symp- 
toms of  shork  and  peritonitis.  AVhen  the  fracture  is  confined  to  the 
region  of  the  anterior  superior  iliac  si)ine  the  fragment  may  be  dis- 
l)lace(l  forward  and  outward  due  to  the  combined  actions  of  the 
abdominal  muscles,  sartorius  and  tensor  vaginae  femoris.  When 
the  fragment  includes  only  a  small  part  of  the  crest  and  only  a  small 
portion  of  the  abdominal  nuiscles  are  attached,  the  action  of  the 
thigh  muscles  just  mentioned  will  be  practically  unopposed,  resulting 
in  downward  dis])lacenjent. 

Crepitus  is  usually  i)resent  Imt  is  by  no  means  constant,  since 
tile  fragments  are  not  always  in  contact.     Kelaxation  of  the  muscles 
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of  the  abdomen  and  thigh  will  rerjdi-r  palpatioji  uf  Ihe  fnignitnjts 
easier  and  often  eiial)le  the  .sorgeoii  to  c  lirit  erepitus  whieh  would 
otherwise  be  absent.  Tins  may  be  aeeomplishe<l  by  placing  pillows 
beneath  the  patient's  j^houlders  and  flexing  the  thighs. 


^ 


I  «g   ;itiij. 

Higi,  5<tS  jiiifl  fjtiti, — Frnrlurt*  ut  llii'  Irfl  iliuiu  with  t«^iirJn^  iii* 
tnticrU-ii  from  thr  ilinr  ^r^ht,  N'ole  thv  chriniee  in  imllinp  wilU 
iMf^rnt    recumbpot    poaUioti.      ( Atmpliy    «f    riRht    thigh    result   ni   (M 


II.V  uf  thff  nbdominal 
thp  ptitJont  in  tU** 
AmputAtiatt   ol   Tight 


2.  Fraelure  of  the  ritu  of  the  ac(  tahtihan  does  not  oeeur  except 
as  H  (?otiJiilieation  of  diH[daeenients  of  the  bead  of  Mie  femur.  The 
uj»(ier  poBterior  jmrt  of  the  rim  is  the  portion  of  the  aeetabular  eir- 
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ciiiiiforence  most  frtMiiiently  detached  by  the  head  of  the  femur  as 
it  leaves  tlie  cavity.  Fracture  of  tlic  rim  of  the  acetabulum  with 
diBpIacemeiit  of  the  femoral  head  results  in  shortening  of  the  limb 
of  the  afTetrted  side  tliough  the  position  assumed  is  not  necessarily 
charatrteristic  of  dorsal  dislocation  of  the  hip.  Slight  manipulation 
of  the  thigh  with  traction  is  usually  sufficient  to  bring  the  head  of 
the  femur  back  into  i)lace  though  the  deformity  recurs  either  imme- 
diately or  within  a  few  hours  following  reduction.  It  differs  from 
dislocation  of  the  hip  in  the  east*  with  which  nnluction  is  accom- 
plished and  the  tendency  to  recurrence  of  deformity.  The  condition 
however  closely  rest*mbles  fracture  of  the  neck  of  the  femur,  having 
frequently  been  mistaken  for  it. 

In  fracture  of  the  n(»ck  of  the  femur  the  arc  described  by  the 
trochanter  when  the  thigh  is  rotated  is  of  shorter  radius  than  normaL 
In  fracture  of  the  rim  of  the  acetabulum  this  arc  is  normal  aa  may 
be  demonstrated  by  comparison  with  the  opi>osite  side.  This  diflEer- 
euce,  however,  is  often  slight  and  diHicult  to  determine,  so  that  the 
use  of  the  X-ray  will  fre^iuently  be  necessary  to  determine  the 
pathology  of  the  case.  The  fragment  usually  follows  the  head  when 
the  latter  is  n^turned  1o  the  a(*etabulum,  and  crepitus  will  be  pro- 
duced as  th(>  fractured  surfa<'(>s  p^iss  each  other.  This  crepitua  may 
be  as  pronounced  as  in  fractun;  of  the  hip.  or  it  may  be  exceedingly 
indistinrt  ai'coriling  to  tlh^  position  of  the  fragment. 

IJ.  Fracturt'  of  the  luhwifsitif  of  the  isihiuni  is  an  exceedingly 
rare  conditio)!!  being  the  result  of  severe  localized  trauma.  The 
con<liti()n  is  tlu'refore  likely  U)  be  ai'companied  by  wounds  of  the 
soft  parts  which  may  reach  to  the  bone,  rendering  the  fracture  com- 
pound. Abnormal  mobility  and  crepitus  nuiy  be  elicited  by  palpa- 
tion through  th(>  riM'tum  or  vagina,  while  the  opposite  hand  gives 
(•ounter-])rcssure  through  the  gluteal  muscles.  Local  pain,  tender- 
ness, etc.,  will  be  present. 

4.  Thr  ('(K'cj/.r  mail  he  fi'driund  or  fhsloctital  by  direct  violence 
acting  (»itlicr  from  without  or  within.  It  most  often  follows  falls 
on  tlu^  buttocks  and  may  be  displnccd  forward,  laterally  or  back- 
wanl.  the  latter  being  Ihe  result  of  force's  a<*ting  from  within  the 
pelvis,  such  as  the  descending  head  of  the  child.  The  distinction 
between  fractuH'  and  dislocation  of  this  bone  has  Im'cu  the  subject  of 
nnich  discussion  between  certain  writers,  but  for  practically  clinical 
purposes  it  matters  little  since  th<'  syniploms  and  treatment  are 
identi«*al.     The  pain  in  fracture  oi-  ilishx'ation  of  the  t'occyx  nuiy  Ik.* 
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surprisingly  sevriv  t-tmsideririg  the  actual  damage  don*\  Before 
reduetioii  is  aei-oiuplislied  the  patient  usually  pn^seiils  the  syiriptorus 
of  agonizing  pain  whit-h  radiates  up  the  bat^k  and  down  the  dorsal 
aspect  of  the  thi^dis  from  the  seat  of  injury.  Even  after  Hie  suffer- 
ing  has  beeu  relieved  by  eorreetin^^  the  diNplaeement  it  will  be  many 
days  before  the  patient  can  move  about  with  any  degree  of  comfort. 
The  fraetiire  may  take  plai'e  through  the  lower  end  of  the  sacrum  so 


1 


Whli  h    hfi»    tiPf-n    out9ini'4    in    iirrnTitunlr    rt>i    inv^itioii.      ^lUv    lower    iirruw    [titHHcs    tlinju^li 


that  a  portion  of  this  bone  Ls  disftbieed  with  the  eoeeyx.  The  higher 
the  fracture  in  the  saerum  the  *>:reater  tb*^  likelihood  of  injury  to  ttie 
nerves  eontained  within  tlu*  saeral  eanal  and  emerging  tbrougli  the 
Haeral  foramina.  Injury  to  these  nerves  may  prodnee  jiain.  numb- 
ness, loss  of  function,  ete.,  throughout  Ihe  region  of  tbeir  distribu- 
lion.  aTul  in  severe  ease>»  to  trophie  disturbanees  with  sores  or  sloughs 
in  the  skin  covering  the  eoecyx  and  lower  end  of  llu^  saerurii.  The 
eoecyx  and  saerum  beroiue  one  tioue  in  Ihe  aged  so  llml   fra<'ture  of 
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the  tip  of  the  saeruni  is  more  likely  to  occur  after  the  articulation 
has  been  obliterated. 

The  usual  displacement  of  the  coccyx  is  angular  and  forward  so 
that  the  tip  of  the  bone  may  be  felt  pointing  forward  when  the 
examining  finger  is  introduced  into  the  rectum.  This  displacement 
encroaches  U])on  the  cavity  of  the  rectum,  rendering  bowel  move- 
ments extremely  painful.  The  lateral  and  posterior  displacements, 
which  are  extremely  rare,  do  not  tend  to  recur  following  reduction ; 
the  anterior  displacement  however  does  tend  to  recur  as  a  result 
of  the  action  of  the  attached  muscles.  Lateral  displacements  may 
be  palpated  through  the  rectum;  posterior  displacements  will  be 
accompanied  by  an  abnormal  prominence  in  the  lower  part  of  the 
gluteal  cleft. 

The  symptoms  occurring  in  complicated  fracture  of  the  pelvis 
will  depend  on  the  region  of  the  pelvis  injured,  together  with  the 
nature  and  extent  of  the  injury  sustained  by  the  soft  parts  in  the 
region  of  the  fracture.  When  any  portion  of  the  pelvic  girdle  is 
fractured  numerous  complications  may  exist  so  that  it  will  be  best 
to  consider  the  bone  injuries  first  in  the  order  previously  set  down, 
after  which  the  complications  will  be  taken  up. 

The  mechanism  and  pathology  of  fracture  of  the  pelvic  girdle 
are  of  secondary  importance  when  compared  to  the  complications 
commonly  found  accompanying  this  condition. 

1.  Siparation  <tf  the  symphysis  pubis  may  be  the  result  of 
indirect  violence  forcing  the  ossa  innominata  apart,  due  to  the 
overaction  of  the  adductor  group  of  muscles  while  the  thighs  are 
in  abduction,  or  to  the  spreading  action  of  the  foetus  as  it  descends 
through  the  parturient  canal.  The  separation  of  the  pubes  may 
be  felt  and  in  many  instances  seen.  Separation  of  over  one  and  a 
half  inches  is,  as  a  rule,  accompanied  by  rupture  of  the  anterior 
sicro-iliac  ligaments  or  fracture  in  some  other  portion  of  the 
])clvic  ring. 

AVith  separation  of  tlie  symphysis  th<^  patient  suffers  considerable 
pain  and  the  weight  bearing  fun<-tion  of  the  pelvis  is  interfered 
with  as  a  result  of  the  dissolution  of  the  coiuiter-arches.  Rupture 
of  tlie  ligaments  and  loosening  of  one  of  the  sacro-iliac  joints  will 
allow  one  os  inuominatum  to  be  divsplaced,  usually  upward. 
Syniphys(^al  separation  may  be  associated  with  fracture  of  the 
pelvis  or  with  loosening  of  one  or  both  sacro-iliac  joints.  One 
pubic  bone  may  be  displaced  behind  the  other  and  when  such  is 
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the  ease  it  is  imiially  very  diflfieult  to  reduce  tlic  deformity.  The 
eommon  eoinplicHtioD  is  rupture  of  the  urethra  or  bladder,  the 
symptoms  of  whieh  will  he  described  later. 

2,  Fraciure  of  the  anterior  portion  of  the  pelvic  ring  oeetirs 
more  frequently  than  any  of  the  other  fraeture^  in  this  ^oup. 
The  details  of  the  lines  of  fractures  vary  greatly.  Both  rami  of  the 
pubis  are  usually  fractured,  the  upper  one  anterior  to  the  i!io- 
pectineal  eniiuence  and  the  lower  near  the  junction  of  the  descend- 
ing pubic  with  tlie  ischial  ramus.  The  condition  is  not  infre- 
quently bilateral.  Deformity  is  usually  present  and  can  be  de- 
tected by  i>alpation.  The  condition  nmy  be  the  result  of  violence 
applied  to  the  pelvis  in  the  antero-posterior  direction  or  it  may  be 
due  to  lateral  srpieezinof.  Fractures  in  the  lateral  or  posterior 
portions  of  the  pelvic  ring  are  common  as  complications,  and  are 
st*en  in  instances  in  which  the  causative  trauma  continues  to  act 
after  tlie  anterior  portion  has  been  fi'artured.  The  patient  is 
unable  to  walk,  pain  Ls  severe,  and  shock  often  pronounced, 
especially  in  the  presence  of  visceral  complications.  Rupture  of 
the  bladder  and  injury  to  the  urethra  are  common  as  complica* 
tions  (see  page  501*)- 

3.  Fracture  of  ike  Inieral  portimis  of  the  pelvis  in  the  region  of 
the  aeetabuhun  occurs  in  conjunction  with  fracture  of  the  anterior 
portion  of  the  ring  as  previousiy  explained,  and  also  as  a  result  of 
trauma  transmitted  through  the  liead  and  neck  of  the  femur.  The 
firftt  named  type  of  fracture  is  nnjre  or  less  vertical,  passin-E?  from 
the  crest  of  the  ilium  to  the  great  saerosciatic  foramen.  The  line 
of  fracture  frequently  branches  in  its  upper  end.  It  may  pass 
into  or  cross  tlie  sacro-iliac  joint  involving  the  sacrum:  in  other 
instances  it  comes  out  below  the  anterior  inferior  iliac  spine. 
\Vhi*n  it  crosses  the  sacro-iliac  joint  it  may  follow  more  or  less 
closely  the  line  of  the  articulation,  or  it  may  follow  the  sacral  foram- 
ina sejiarating  the  lateral  mass  of  the  sacrum  from  the  rest  of 
the  hone.  The  directions  which  the  lines  of  fracture  may  take  in 
the  lateral  portions  of  the  pelvis  are  very  variable  and  accordingly 
two  cases  will  seldom  show  the  same  deformity.  The  fact  that  the 
femur  articulates  with  this  portion  of  the  pelvis  often  gives  rise 
to  symptoms  of  importance.  The  lower  extremity  of  the  affected 
side  usually  lies  helpless  and  is  shorter  than  normal  because  of  the 
<lisj»hicement  of  the  acetabulum.  The  museb*s  of  the  thigli  are  in 
si>asm  and  any  att^^uipt  at  [JHssive  motion  is  s^^riously  objected  to 
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by  the  patient.  Abnormal  mobility  and  crepitus  can,  as  a  rule,  be 
elicited  with  ease  by  direct  palpation  or  manipulation  of  the  thigh, 
and  the  pelvic  deformity  is  often  plainly  visible.  Injury  to  the 
acetabulum  and  adjoining  pelvis  resulting  from  trauma  transmitted 
through  the  femur  is  rare,  because  when  violence  is  applied  to  the 
trochanter  the  neck  of  the  femur  is  much  more  liable  to  fracture 
than  is  the  pelvis.  The  condition,  however,  does  occasionally  occur 
and  a  variety  of  fractures  may  result  when  the  pelvis  is  injured 
in  this  manner:  the  acetabulum  may  be  ''broken  out,"  so  to  speak, 
of  the  rest  of  the  pelvis  with  three  lines  of  fracture,  one  from  a 
point  below  the  antero-inferior  spine  to  the  great  sacro-sciatic 
notch,  the  second  across  the  ascending  ramus  of  the  pubis  and  the 
third  across  the  body  of  the  ischium  below  the  acetabulum; 
another  result  is  that  the  violence  applied  to  the  acetabulum  pro- 
duces radiating  fractures  which,  following  the  lines  of  least  resist- 
ance, reach  the  sacro-sciatic  notch,  thyroid  foramen  and  rim  of  the 
pelvis;  in  addition  we  may  have  injury  of  the  bone  at  the  bottom 
of  the  acetabular  cavity  without  fracture  of  adjoining  portions^  of 
the  pelvis.  A  rare  condition  is  sometimes  seen  in  which  the  bead  of 
the  femur  is  driven  through  the  bottom  of  the  acetabulum  into  the 
pelvic  cavity.  The  symptoms  of  deformity  and  disturbance  in 
function  will  vary  with  the  pathology  of  the  condition.  When  the 
acetabulum  is  fractured  there  is  likely  to  be  shortening  of  the 
lower  extremity,  abnormal  mobility  of  the  upper  end  of  the  femur 
and  crepitus  when  the  thigh  is  manipulated.  When  the  head  of 
the  femur  is  driven  through  the  acetabulum  there  will  be  abnormal 
fixation  of  the  upper  end  of  the  femur,  mesial  displacement  of  the 
trochantc^r  as  palpated  externally,  and  the  patient  will  be  able  to 
l)ear  the  weight  of  the  body  on  the  limb  of  the  affected  side  since 
the  ring  of  the  pelvis  is  not  fractured  and  the  weight  is  trans- 
mitted to  the  neck  of  the  femur  instead  of  to  the  head.  The  shock 
and  pain,  however,  will  usually  l)e  sufficient  to  prevent  the  patient 
attempting  anything  in  the  way  of  walking.  Fracture  of  the 
jx^lvis  by  lateral  compression  is  usually  preceded  by  fracture  of 
the  "tic  arches"  coni})osing  the  anterior  part  of  the  ring,  so  that 
the  symptoms  of  fracture  of  both  these  portions  of  the  pelvis  will 
be  present  at  the  same  time. 

4.  Separafi/ni  of  flu  sacro-ilidc  sf/n(  hondrosi'i,  as  an  isolated 
injury,  is  an  (»xtremely  rare  condition.  It  occurs  sometimes  in 
conjunction   with    fracture   of  the   anterior   portion  of  the   pelvic 
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ring  or  separation  of  the  symphysis  pubis.  Inward  displacement 
of  the  lateral  portions  of  the  pelvis,  such  as  occurs  in  transverse 
crushes,  may  result  in  rupture  of  the  posterior  ligaments  behind 
the  articular  surfaces.  Spreading  of  the  pelvis  throws  the  strain 
on  the  anterior  saero-iliac  ligaments,  which  rupture,  allowing  the 
anterior  aspect  of  the  joint  to  gape.  The  strength  of  these  liga- 
ments, however,  is  so  great  that  fracture  in  the  adjoining  bone  is 
more  frequently  produced  than  rupture  of  the  ligament  itself. 
Displacement  in  one  or  both  sacro-iliac  joints,  or  separation  of  all 
three  pelvic  articulations  is  known  to  have  taken  place,  but  such 
conditions  are  very  rare.  Laxity  or  rupture  of  the  ligaments  of 
the  sacro-iliac  joints  will  allow  an  upward  and  outward  displace- 
ment of  the  ilium  if  the  patient  attempts  to  sit  or  stand.  Disturb- 
ances in  function  following  injury  to  the  pelvic  articulations  will 
give  rise  to  symptoms  similar  to  those  occurring  in  fracture  of  the 
same  region.  The  sacro-iliac  joints  are  not  infrequently  subject 
to  sprains  in  falls  and  blows  on  the  pelvis,  and  although  the  con- 
dition is  by  no  means  a  dislocation,  it  deserves  mention.  There  is 
more  or  less  pain  in  the  joint  when  the  patient  moves  about,  and 
pressure  on  the  anterior  superior  spines  produces  pain  in  the  region 
of  the  injury.  The  condition  is  usually  not  serious,  being  followed 
by  prompt  recovery  with  re*st  in  bed  for  a  few  days. 

5.  Transverse  fracture  of  the  savrum  is  the  result  of  severe  local- 
ized trauma  and  is  fortunately  a  rare  condition.  A  small  portion 
of  the  sacrum  may  be  displaced  with  the  coccyx  but  this  condition 
is  described  under  fracture  of  the  coccyx.  The  fragment  in  trans- 
verse fracture  of  the  sacrum  is  usually  displaced  forward,  project- 
ing into  the  cavity  of  the  pelvis  and  is  commonly  accompanied  by 
injury  to  the  rectum  and  the  nerves  contained  within  the  sacral 
canal.  The  displacement  is  easily  detected  by  palpation.  Severe 
pain,  radiating  up  the  back  and  down  the  thighs,  may  be  present. 
Shock  Ls  often  i)ronounced.  l^iralysis  of  the  bladder  and  rectum, 
due  to  injury  of  the  nerves  sui)plying  these  structures  as  they  pass 
through  the  sacium,  is  not  uncommon.  Paralysis  of  the  lower  leg 
type  has  been  noted  in  some  cases.  The  displacement  is  produced 
by  the  original  trauma  and  the  action  of  th(»  attached  muscles. 
The  deformity  usually  reeurs  pnmiptly  folUnving  reduction. 

Diagnosis. — When  fnieture  oT  the  pelvis  is  suspected  the  exam- 
ination should  be  condiK'ted  systematically  in  order  that  the  full 
extent  of  the  injury  may  be  recognized.     ^Moreover  the  examination 


506  FRACTURES  AND  DISLOCATIONS 

should  not  be  considered  complete  as  soon  as  we  find  one  line  of 
fracture,  since  multiple  fracture  and  visceral  complications  are 
common.  The  patient  should  be  placed  in  a  position  which  is 
accessible  and  convenient  for  tlie  surgeon,  preferably  an  operating 
table,  and  unless  there  are  special  contraindications  it  is  advisable 
to  administer  a  short  anesthetic.  The  pelvic  girdle  is  covered  with 
a  number  of  muscles  and  many  of  its  parts  are  deeply  situated,  yet 
by  proper  palpation  fracture  and  articular  displacements  can,  as  a 
rule,  be  determined  without  difficulty.  By  inspection  alone  it  is 
often  possible  to  detect  asymmetry  of  the  two  sides  of  the  pelvis, 
raising  of  one  of  the  ossa  innominata,  or  the  median  depression  of 
symphyseal  separation.  The  shortening  and  helpless  attitude  in 
which  the  lower  extremity  may  lie  is  indicative  of  fracture  of  the 
femur  or  pelvis.  Palpation  will  usually  elicit  crepitus  and  ab- 
normal mobility  in  the  presence  of  fracture  or  separation.  With 
the  patient  in  the  dorsal  position  and  the  pelvis  solidly  supported, 
backward  pressure  is  made  with  the  palms  of  tlie  hands  on  the 
antero-superior  iliac  spines,  then  the  iliac  crests  are  crowded 
together  and  finally  antoro-posterior  pressure  is  exerted  with  one 
hand  over  the  symphysis  and  the  other  on  the  sacrum.  Pressure 
in  these  directions  will  usually  elicit  mobility  and  crepitus  if  the 
fracture  ha.s  passed  through  the  pelvic  girdle.  Due  care  should 
be  exercised  to  avoid  further  injury  to  the  viscera  in  manipiilating 
the  j)arts  since  the  examination  may  thus  inflict  more  serious 
injury.  The  pubes  and  their  ascending  rami  are  near  the  surface 
and  their  outline  may  be  followed  throughout.  The  mesial  borders 
of  the  ischio-pubic  rami  may  be  palpated  at  the  lateral  boundaries 
( f  the  i)erin(nim  with  the  thighs  abducted.  The  anterior  superior 
iliac  spines  are  subcutaneous  and  the  iliac  crests  may  be  palpated 
throughout  their  extent,  terminating  posteriorly  in  the  postero- 
superior  iliac  spines.  The  tuberosity  of  the  ischium  may  be 
palpated  with  the  fingertips  of  one  hand  resting  in  the  lower  part 
of  the  gluteal  cleft  while  the  opposite  hand  makes  counter-pressure 
through  the  l>uttock.  It  may  also  be  paljiated  through  the  rectum 
or  vagina.  The  spines  of  the  sacrum  may  he  palpated  throughout 
but  th(^  remainder  of  the  posterior  surface  of  the  bone  is  obscured 
to  touch  by  the  heavy  fasc'ia  covering  the  lower  end  of  the  erector 
spina*  mass.  If  the  finger  be  passed  into  the  rectum  and  the  thumb 
opposed  i)ostcrio]*ly  the  coccyx  may  be  thoroughly  palpated,  and 
the  presence  of  abnormal  mol)ility  and  crepitus  determined  when 
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present.  Tin'  pn^snie^  of  frartTin*  m,  as  a  rule,  easily  reeognized 
hy  palpation  as  above  destiribetl,  Imt  it  is  oi'teu  impossible  to  deter- 
iiiirie  the  details  without  employing  the  X-ray. 

Treatment. — The  treatment  of  fraetnre  of  the  pelvis  aside  from 
the  L'Oiupliealions  is  usually  a  simxile  matter.  If  t!ie  deformity  is 
not  great  immobilization  and  rest  in  bed  will  he  all  that  is  required. 
Iti  fraciurv  of  the  crest  of  the  iUum  a  body  swathe  may  be  used  or 
adhesive  strajjs  may  be  employed  to  steady  the  fragment.  Too 
much  pressure  should  be  avoided,  as  it  may  displaee  the  fragraent 
inward,  thus  increasing  the  deformity.  Rest  in  bed  is  necessary 
and  the  |>atient  should  be  warned  against  undue  use  of  the 
abdominal  museles.  The  bowels  slum  Id  be  kejvt  soft  to  avoid 
straining  at  si  nob  Moderate  deformity  tloes  not  mean  impairment 
of  function  and  seldom  requires  speeial  measures  for  its  eorreetion. 
A  flattened  hip  in  a  young  woman,  however,  is  often  considered  a 
serious  matter  and  we  may  be  ealled  upon  to  secure  the  fragment 
by  operation  for  the  correction  of  deformity.  Fmvturc  of  the  rim 
of  the  are  tabu!  urn  is  to  be  treated  similarly  to  fraetnre  of  the  hip 
and  will  be  considered  with  the  treatjrient  of  fractures  of  the  upper 
end  of  the  femur.  Frarfure  of  the  tiiherosity  of  tkt  ischium  rarely 
shows  gn^at  disphiceuu-ut  and  recovery  with  moderate  deformity  is 
followed  by  good  function.  Rest  in  bed  and  a  pneumatic  ring  U) 
relieve  the  region  of  fracture  from  pr*-ssnre  will  constitute  the 
essentials  of  treatment.  If  the  tuberosity,  however,  shows  enough 
inward  displaeement  to  encroach  on  the  transverse  diameter  of  the 
birth  canal  in  a  wdman  of  the  child-bearing  period,  it  is  best  to  cut 
down  on  the  fragment  before  union  eommcnces  and  secure  it  in 
l»bn'c  witli  wire  or  some  other  fonn  of  suture  material.  Fracture 
or  diHlocafion  of  the  vocvijs  calls  for  immediate  reduction  to  relieve 
the  srift'ering  and  if  necessary  opiates  Bhould  be  used  in  addition. 
All  of  the  displacements  except  the  anterior  show  little  or  no  tend- 
ency to  recurrence  and  not  much  in  the  way  of  treatment  will  be 
required  aside  from  reduction  and  relief  of  pain.  The  patient 
fthouhl  be  kept  in  bed  for  a  week  or  so  or  until  the  extreme  tender- 
ness has  subsided.  During  tliis  time  the  use  of  a  pneurnatir'  ring 
will  add  greaHy  to  the  patient's  comfort.  In  fractun*  or  disloca- 
tion with  anterior  displaeement  it  is  difficult  to  keep  \\m^  fragment 
in  reduction,  bi^eause  of  the  miist'les  attached  to  the  coccyx.  The 
condition  has  been  treated  by  packing  the  rectum  and  the  exhibition 
of  opiat***!  to  piH)duce  constipation.     If  a  large  rubber  tube,  rolled  in 
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j<«tuc,  i>*  Mitrt»thM't*<l  it.  will  allow  tiie  es<.-ape  oi  tlatus  aad  tiqujc 
fir**»  witliuiit  n  Jiiovijig  the  drtiaBing,  When  this  dressing  is  used 
th4*  Niwi^lii  Nh(»ultl  h<*  kept  liquid  by  laxatives.  In  any  case  the 
nrrnl  jmrkintf  will  have  to  be  maintained  until  the  eallus  is  suf- 
tU-K'iAth  tirrn  fo  jinv<*nt  the  recurrence  of  defonnity.  It  should 
^  iviu^wed  oftf»N  enough  duriug  the  after-treatment  to  keep  the 
imfU  i^l***i"  ""*'  avoid  rc<'tal  irritation.  Vaseline  faeilitateg  iutro- 
dii^'Hoii  ihnI  jk  Icp^«  irritating  to  the  mucosa  than  plain  gauze.  If 
llitMie  nieiiHUicn  do  not  control  the  tendency  toward  displacement  or 
pnui  fiiNowin^:  tlh-  injury  persists  and  defecation  is  painful  because 
4>f  \\\i^  nuU'vUn'  displacement,  excision  of  the  coccyx  is  indicated  and 
vuM  he  fnl lowed  by  relief  and  no  disturbance  in  function. 


rif.  6fli — Pl«»tc*r  of  Purii  double*  npiCB  of  trunk  nnd  T>oth  thi^hi  for  the  treat 
liifiit  i>i  frjicturc*  of  tho  pelvii.  The  thign»  ihould  be  sligtitly  flexed  and  abducted  to 
%{\mv  J*ri^11**r  rartv  of  tliy  imti^nt  and  u««  of  thu  b«d  pas. 

In  lire  nbovi'  isolated  fractures  of  the  pelvis  the  patient  may  be 
liuiilc  ('oni(mratively  coiiiforlable  by  rest  in  bed  and  proper  nursing, 
hill  when  tlie  rititj  uf  (iu  ptJris  is  fractured  the  condition  is  much 
Hinrc  m»riou8  and  diJTficult  to  treat.  The  element  of  importance  in 
iivp*trttii4tn  of  tht  sffmphijsis,  fraciure  of  fht^  pubk  and  ij^chio-pubk 
mmi,  ittttrat  frtirlurf  of  (hr  pflvi^  and  stpuratwn  of  the  sacro-Uiac 
joints  iM  the  brcnkiu^'  ivf  tlic  pelvic  girdle  and  the  likelihood  of 
\  im*t*nil  iHunpHcations.  TIh»  indications,  therefore,  in  the  treatment 
oT  these  cnnditiuns  will  be  !«>  secure  immoiiilization  of  the  pelvic  ring 
and  providi'  for  The  cMvmplicntions  as  soon  as  they  are  recognized. 
Thi'  variiais  visi-cral  coiivitUcatioiis  are  not  peculiar  to  any  one  form 
nf  fracture  of  the  i»clvic  ring  and  because  of  tliis  fact  they  will  be 
et»u«idi*ri*d  uiuler  a  separate  heading  isee  page  509).     A  Bradford 
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bed-frame  or  some  substitute  is  essential  to  prevent  disturbing  the 
fragments  whenever  the  bed-pan  is  used  and  to  keep  the  bed  and 
patient  properly  clean.  In  place  of  the  Bradford  bed-frame  we  may 
employ  a  double  plaster  of  Paris  spica  extending  from  the  waist  to 
the  knees,  and  in  this  manner  the  pelvis  is  secured  so  that  the  patient 
may  be  rolled  from  side  to  side,  the  bed-pan  used  and  the  clothes 
changed  without  disturbing  the  parts  or  increasing  the  suffering. 
The  cast  should  be  applied  with  the  thighs  slightly  abducted  and 
with  moderate  flexion  at  the  knees  and  hips,  thus  giving  ready  access 
to  the  anal  region  and  the  genitals,  besides  securing  a  more  com- 
fortable position  for  the  patient.  Traction  on  the  thigh  may  reduce 
deformity  when  the  portion  of  the  ring  to  which  the  femur  is 
attached  is  driven  in.  By  manipulation  it  is  sometimes  possible  to 
correct  some  of  the  displacements.  The  treatment  of  fracture  of 
the  pelvic  girdle  consists  mainly  in  the  treatment  of  the  complica- 
tions which  accompany  the  condition. 

Complications. — Complications  very  rarely  occur  except  in  cases 
in  which  the  pelvic  girdle  is  fractured,  but  their  presence  in  isolated 
fracture  of  some  of  the  bones  of  the  pelvis  or  even  in  cases  of 
abdominal  or  perineal  trauma  without  fracture  should  not  be  lost 
sight  of.  The  visceral  injuries  accompanying  fracture  of  the 
pelvic  girdle  are  far  more  important  than  the  fracture  itself,  being 
responsible  for  the  high  mortality  following  this  fracture.  Rupture 
of  the  urethra,  rupture  of  the  bladder,  rupture  of  the  bowel,  injury 
to  vessels  (especially  the  external  iliacs)  and  injury  to  nerves 
(especially  the  sacral  and  coccygeal)  are  among  the  complications 
most  common  in  fracture  of  the  pelvis.  Renal  injury  sometimes 
occurs  as  an  associated  condition. 

The  symptoms  of  rupture  of  the  urethra  will  depend  on  the  region 
of  the  canal  injured.  Injury^  is  most  frequently  sustained  in  the 
membranous  portion,  as  the  canal  emerges  from  the  superficial 
layer  of  the  triangular  ligament.  If  the  tear  in  the  urethra  is 
outside  the  cut-oflf  muscle  the  hemorrhage  from  the  meatus  will  be 
more  or  less  continuous.  There  is  often  a  dribbling  of  blood  for 
some  time  following  the  accident,  which  grows  less  and  finally  stops 
only  to  begin  again  when  urine  is  passed  or  micturition  attempted. 
Pain  and  tenesmus  are  usually  pronounced.  Swelling  of  sudden 
onset,  due  to  urinary  accumulation,  is  seen  in  the  perineum  and  if 
not  relieved  soon  extensively  infiltrates  the  surrounding  tissues. 
The  catheter  usually  meets  obstruction  when  it  encounters  the  site  of 
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rupture.  If  the  floor  of  the  urethra  is  torn  catheterization  may 
sometimes  he  aec()m[)lishe(l  hy  following  the  roof  with  a  metal  instru- 
ment. Complete  tear  almost  always  requires  operative  intervention 
to  enter  the  hladder.  If  the  rupture  is  behind  the  cut-oflE  muscle  the 
blood  will  flow  hack  into  the  bladder,  appearing  at  the  meatus  only 
with  micturition.  If  the  rupture  is  complete,  retention  is  the  rule 
with  occasional  dribbling  of  bloody  urine.  When  retention  is 
present  the  symptoms  of  distended  bladder  will  supervene  within  a 
few  hours.  The  diagnosis  of  rupture  of  the  urethra  is  made  on  the 
symptoms  enumerated  above.  In  some  instances  the  tear  in  the 
urethra  may  be  inspected  by  means  of  the  urethrascope  or  posterior 
endoscope  or  better  still  the  cystourethrascope. 

Treatment  of  rupture  of  the  urethra, — In  rupture  of  the  urethra 
the  prime  indication  is  for  prompt,  continuous  and  complete  drain- 
age of  the  bladder.  Cases  in  which  the  passage  of  the  catheter  has 
been  possible  have  been  successfully  treated  by  means  of  continuous 
catheterization  and  suction  apparatus.  By  far  the  safest  method 
however  consists  in  prompt  external  urethrotomy  followed  by 
direct  drainage  of  the  bladder  through  a  rectal  tube  in  the  perineum 
connected  by  means  of  rubber  tubing  with  a  bottle  beneath  the 
bed.  Perineal  drainage  instituted  early  will  accomplish  more  in 
preventing  urinary  infiltration  than  anything  else.  When  the  tear 
is  complete  the  roof  of  the  urethra  should  be  brought  together  and 
secured  by  suture  during  the  operation.  The  most  satisfactory' 
catheter  in  these  cases  is  the  rectal  tube.  In  some  instances  consid- 
erable difficulty  is  experienced  in  finding  the  proximal  end  of  the 
torn  urethra  and  in  such  cases  it  is  better  to  enter  the  bladder  supra- 
pubically  and  do  a  retrograde  catheterization  rather  than  to  pro- 
long the  search  in  the  perineum  with  the  patient  already  suffering 
considerable  shock  from  the  accident.  During  the  treatment  of 
this  condition  it  is  always  advisable  to  determine  the  condition  of 
the  bladder  to  avoid  overlooking  complications  of  this  viscus. 

Symptoms  of  rupture  of  the  hladder. — Shock  is  always  a  prom- 
inent symptom  aside  from  the  shock  occurring  in  fracture  of  the 
pelvis.  Pain  is  pronounced  and  tenderness  present.  If  the  rupture 
is  extraperitoneal  the  patient  passes  bloody  urine  which  is  not  pre- 
ceded by  blood  as  in  urethral  injury.  Suprapubic  swelling  due  to 
infiltration  of  urine  into  the  space  of  Retzius  makes  its  appearance 
a  few  hours  following  the  injury.  When  the  rupture  is  intra- 
j)eritoneal  the  urine  i)asses  from  the  bladder  into  the  peritoneal 


FRACTURES  AND   DISLOCATIONS  OP   PELVIS  511 

eavity  and  accordingly  the  viscus  does  not  become  distended.  If 
sufficient  urine  collects  in  the  abdominal  cavity,  dullness  on  percus- 
sion may  be  noted  in  the  flanks.  The  patient  is  unable  to  pass  urine 
although  tenesmus  is  present  and  frequent  painful  attempts  at 
micturition  are  made. 

Diagnosis  of  rupture  of  the  bladdsr  will  be  followed  by  the 
symptoms  peculiar  to  this  injury  as  described  above.  In  addi- 
tion we  may  test  the  walls  of  the  bladder  by  introducing  a 
measured  quantity  of  sterile  salt  solution  through  a  catheter  and 
remeasuring  it  after  it  has  been  withdrawn.  If  the  bladder  has 
been  ruptured  intraperitoneally  it  will  be  impossible  to  fill  the 
viscus,  and  the  fluid  when  withdrawn  will  be  much  less  than  the 
quantity  introduced.  When  the  rupture  is  extraperitoneal  the  loss 
of  fluid  will  often  be  too  small  to  detect.  The  catheter  should  not 
be  introduced  further  than  is  necessary  to  reach  the  bladder  since 
in  some  cases  of  intraperitoneal  rupture  it  may  pass  through  the 
rent  in  the  bladder  into  the  peritoneal  cavity,  thus  evacuating  urine 
which  has  escaped  from  the  bladder  or  salt  solution  which  has 
been  introduced  for  diagnostic  purposes.  This  method  is  not  ideal 
and  has  been  condemned  by  some  genito-urinary  surgeons,  yet  it 
is  the  best  we  have  and  nothing  is  more  fatal  to  the  patient  than 
the  expectant  i)lan  of  treatment  followed  because  of  ignorance  of 
the  conditions  present.  The  questionable  damage  done  by  the 
passage  of  salt  solution  (previously  sterilized)  from  the  ruptured 
bladder  into  the  abdominal  cavity  and  followed  by  operation  is 
more  than  outweighed  by  the  benefit  the  patient  derives  from  a 
positive  diagnosis  and  proinpt  surgical  treatment.  The  cystoscope 
is  valueless  in  intraperitoneal  rupture  since  the  bladder  cannot  be 
distended.  When  the  rupture  is  extraperitoneal  it  will  sometimes 
be  possible  to  inspe(*t  the  injury  by  means  of  this  instrument  in 
competent  hands.  The  hemorrhage,  however,  is  usually  sufficient 
to  obscure  the  water  with  which  the  bladder  is  distended,  so  rai)idly 
that  vision  is  rendered  unsatisfactory  or  impossible. 

Treatment  of  rupture  of  thr  bladder, — Rupture  of  the  bladder 
calls  for  immediate  operative  intervention  if  we  expect  to  save 
the  patient.  In  the  intraperitoneal  form  of  rupture  the  rent  must 
be  closed  through  an  abdominal  incision  and  the  bladder  drained 
from  below^  through  a  permanent  perineal  tube  to  prevent  disten- 
tion of  the  viscus  and  tension  on  the  sutures.  In  extraperitoneal 
rupture  the  tear  is  fnupiently  situated  in  the  lower  anterior  aspect 
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of  the  bladder  or  the  re^oii  of  the  trigone,  and  should  be  repaired 
with  fine  absorbable  suture  material.  The  situation,  however,  of 
these  extraperitoneal  tears  is  inaccessible  and  difficult  to  operate 
upon  and  the  condition  of  shock  in  which  we  find  the  patient  often 
precludes  any  prolonged  operation  or  anesthetic.  It  is  therefore 
best  in  many  cases  of  extraperitoneal  tear  to  establish  free  perineal 
drainage  at  once,  leaving  the  rent  to  take  care  of  itself. 


PART  111. 
I.OWKll  EXTREMITY. 


CHAPTER  XXXVI. 

DISLOCATIONS  OF  THE  HIP. 

Surgical  Anatomy. — The  hip-joint  is  a  typical  ball-and-socket 
articulation,  and  the  depth  of  the  acetabulum  is  such  that  the 
integrity  of  the  joint  is  much  less  dependent  upon  the  ligaments 
than  is  the  case  in  the  shoulder-joint.  Numerous  luuscles  are  at- 
tached to  the  upper  end  of  the  femur  and  the  great  trochanter, 
all  of  which  exert  more  or  less  of  an  upward  or  inward  pull,  their 
action  being  mueli  more  apparent  in  fracture  of  the  neck  of  the 
femur  than  in  dislocations  of  the  hip.  The  muscle  of  greatest  im- 
portance in  this  region  is  the  obturator  internus  which  is  inserted 
into  the  digital  fossa  after  having  emerged  from  the  pelvic  cavity 
through  the  lesser  sacro-sciatic  notch.  If  the  head  of  the  bone 
passes  under  this  tendon  we  have  the  sciatic  form  of  dislocation. 
When  it  passes  over  the  muscle  we  have  the  iliac  type  in  which  the 
head  of  the  bone  rests  on  the  dorsum  ilii.  The  hip  has  five  liga- 
ments: ligamentum  teres,  the  capsule,  the  cotyloid,  transverse,  and 
ilio-femoral.  The  ligamentum  teres  passes  from  the  ovoid  depres- 
sion on  the  head  of  the  femur  to  the  margins  of  the  fossa  acetabuli. 
The  capsular  ligament  surrounds  the  joint,  is  attached  at  its  inner 
end  to  the  margins  of  the  acetabulum,  while  the  opposite  end  is 
attached  to  the  femoral  neck.  The  anterior  portion  of  the  capsule 
extends  downward  and  outward  as  far  as  the  spiral  line  of  the 
femur,  while  the  posterior  portion  of  this  ligament  reaches  to 
within  a  half  inch  of  the  posterior  intertrochanteric  line.  The 
capsule  is  lined  with  synovial  membrane  and  possesses  a  number 
of  accessory  thickenings  along  the  lines  of  the  greatest  and  most 
frequent  strains.  The  upper  and  anterior  portion  of  this  tube- 
like ligament  is  the  heaviest.  The  posterior  inferior  portion  is 
comparatively  thin,  loose  and  lax.  The  cotyloid  ligament  is  an 
intracapsular  fibro-cartilaginous  ring  attached  to  the  margins  of 
the  acetabulum;  it  serves  to  deepen  the  cavity  and  strengthen  the 
joint.  Where  it  crosses  th(»  cotyloid  notch,  it  is  known  as  the 
transverse  ligament.     The   above   ligaments  are  all   more  or  less 
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essential  faetors  iii  flic  liiii,  Imt  the  ligiiment  of  by  far  the  great** 
importance  is  the  iUo-fi  moral  or  YAigiirnvni  of  Bigclotr.  This  coo-^ 
sigts  of  an  aceessory  thicketiing  in  the  anterior  portion  of  the  cap- 
sule. Its  lower  extreJtiity  is  attached  to  the  anterior  intertro-J 
ehanteric  line,  while  its  ii[>per  end  is  attaehed,  with  the  straight] 
head  of  tlie  reetiis,  to  tlie  anterior  interior  iliac  spine,  tii  exten-l 
sion  of  the  tliigh  this  filament  is  tense,  and  limits  motion  at  the 
hip:  in  tiexion  it  is  relaxed.     In  a  pei*son  of  *"tverage  build  it  is 


diiibrHliotiN  of  ihe  hip. 

said  to  possess  a  tensile  stren^tli  of  two  hundred  and  tifty  pounds 
or  more,  ami  thus  it  will  lie  readily  understood  that  this  ligament 
is  rarely  torn  in  dislocations  of  the  hip. 

The  head  of  tlie  femur  when  rliH{>ho*ed  may  lie  anywhere  about 
the  aeetabuhim,  depeiidinjt^  on  the  manner  in  wdiieh  \iolenee  was 
applied  at  iht^  time  of  the  aeeielenf,  and  the  suhse(|uent  aetion  of 
the  nuiseles  and  ligaments  attaihed  to  the  bone.  AH  hough  the 
bead  may  lie  in  almost  any  position  around  the  aeetabular  ring, 
yet  it  almost  invariably  leaves  the  joint  through  a  rent  in  the  lower 
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portion  of  tlie  r*a[isult\  After  escajun^  from  thi^  sfH'ket  it  ii*8iially 
rides  upward  either  in  front  of,  or  bt^ldod  the  aeetabuluio.  Ae- 
cordingly  nuraerous*  claj^siticatioiis  have  been  given  of  dislocations 
of  the  hip,  all  of  them  ftased  on  the  position  oeeupied  hy  the  dis- 
plaeed  head.  Thc-re  are  two  main  gryu[>i^  dtsserving  of  eonsider- 
ation,  namely,  anterior  and  posterior.  The  resultant  attitude  as- 
sufiied  by  the  lowt^r  extremity  is  purely  a  question  of  ineehauies^ 
depending  uijon  tlie  relatione  of  the  displaeed  bead  and  the  intlu- 
enee  of  tlu*  Ydiganient.  Whatever  position  the  femoral  bead  may 
find,  the  distiinr'e  between  the  anterior  inferior  spine  and  tbe  spiral 
line  eannot  exeeed  the  lenirth  of  the   ilio  IVmnral    ligament.     The 


fig.  510, — Ulm*  di*1offtiii>»  uf  ilu*  lilji.  Tbn  htfclit^r  Ibt*  hentl  rvM»  on  Uw  ihum 
the  mure  prunimnrticl  will  Ij^p  lliu  iuwiirrl  rotation  of  th«!i  1hi|ph  prnvtilpd  tHc  Y  UsftimMiU 
I*   not  rupitir^d,  • 

Fiff,   .^7L— Si^cirttie  i]i«luenHan  of  llio  liip.      Tbe  ln»a*l   n^.Hts  Vn  tbe  ftciii»U<*   fiotrh. 


[action  of  this  ligament,  noder  thesr  eunditions,  might  be  likeni'd 
[to  that  of  a  *' toggle  joint"*  or  ''sbaekle/'  wiiieli,  tliougb  movable 
|.  one  end,  maintains  a  unire  or  less  fixed  relation  between  tbe 
lltliebeil  objeets.  If  the  bead,  therefore,  is  displaeetl  outward  and 
backw^ard,  the  knee  numt  of  necessity  eouie  fonvard  au<l  inward, 
and  in  like  Uiimner  the  other  eliara<*teristie  deforinitieH  aeeoto- 
panying  the  various  disloeatious  of  the  bi{»,  uu»y  be  reatlily  uuder- 
stood  if  one  appreeiates  the  anatomy,  (lartieidarly  the  aetiou  of 
the  ilio- fern  oral  ligament. 

A  second  element  in  tin-  ]>rudiietiun  of  deforaiity   is  the  angle 
I  at  which  the  femoral   neck  joins  the   shaft,   and   tbe  eousequent 
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leverage  exerted  by  the  tieek  vvht'U  the  heinl  of  the  lione  is  out  of 
the  socket.  Thus,  if  tfie  posterior  a.sjHH't  of  the  iieek  lies  in  eon- 
taet  with  the  os  inrioniin«tuiii,  as  in  the  aiiterior  (li.splacetnents. 


!••»».   5T2.  Fig,   57  B, 

Ft(r.    572. — lliu-[HMM  jnenl   dtalurmuin  nf  Hit;   Uip. 
P^lflf.   &7;L — Pliltir  rlislucfttion  ut  the  hip. 


Fig.   574. 

F\g,  574, — Oblurnlor   or   thyroid  dii«loc»(iuii   uf  the    liip. 

F\g,  575. — Perineftl  dislocalion  ;  nn  e^tApge^rHlioti  of  tlits  ohturiilor  tyi»e. 

outward  rotation  must  be  the  result;  when  the  reverse  condition 
is  true,  the  anterior  surfac**  of  the  ueek  lying  in  eontact  with  the 
hip  botie,  as  in  i posterior  dislorations,  inward  rotation  of  the  thigh 
will  br  present.     Tlie  deptli  <if  the  soeket  aii<l  the  heavy  ligaments 
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surromnliiij^  Hie  joijjt  ari'oiHit  for  tlic  (^xtrrirn*  rarity  of  dislwa- 
tion  of  this  articoiatioii. 

If  tlitf  auU*ro-Hiiporior  iliat*  sjiiiio  he  ryiinectefl  hy  a  line  with 
the  mast  proiiniiont  portion  of  the  tiiher  isehii,  the  aeetahuhjm 
will  he  ajiproxiiiiritely  hisected,  the  line  pajs.siri|?  jiust  aeross  the 
tip  of  the  great  troehaiiter.  Thi«  is  known  as  Nelatou's  line  and 
forms  the  diviiiiti^  line  iM-tween  anterior  aiitl   posterior  luxations. 


Fi^.   676. — High    durvul    dislocitioii    of    Ihc    hir    wHh    overAiom    or    nutwurd    rolalion 
which  18  only  xioA»ib1o  when  Ihv  outer  mm  uf  thu  YiigAmeQl  ih  niptureil. 

If  the  liead  lies  posterior  to  this  line  the  eondition  will  he  known 
as  a  posterior  tlisloeatioii  and  iht*  exar-t  position  at  vvhieh  the  head 
comes  to  rest  will  determine  the  ty])e  of  haekvvard  luxation  present. 
In  like  manner  anttvrior  disloeations  are  «uhdivide<l  aeeonling  to 
the   point  at  whieh   I  he  head  i*(>nies  to  rest  in   front  of  Nelaton's 

I  line.     The   nmre   nsual   dislowdious  oecurriri^  at  the  hi[)   may   be 

Lclti>isiHed  as  follows : 


I'osti'rior  luxuliin 


Anterior  hixatitais 


.  lliai* 
[  Seiatie 

Ilio-peetineal 

Puhic 

Uhlurator 

Perineal 
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Extreme  and  unusual  conditions  sometimes  occur  but  for  prac- 
tical purposes  it  is  inadvisable  to  attempt  their  consideration  in  a 
classification.  In  cases  of  great  violence,  in  which  the  Y-ligament 
is  torn,  the  head  may  He  anywhere  in  this  region  and  the  symp- 
toms accompanying  the  dislocation  will  be  atypical.  The  condition 
may,  in  rare  instances,  be  compound  or  complicated  by  fracture. 

Etiology. — Dislocations  of  the  hip  constitute  from  one  to  two 
percent  of  all  luxations.  They  occur  most  frequently  between  the 
fifteenth  and  forty-fifth  years,  although  they  may  be  seen  at  any 
age.  The  increasing  brittleness  of  the  bones  as  age  advances,  ren- 
ders dislocation  extremely  uncommon  in  the  aged.  It  occurs  about 
eight  times  more  often  in  males  than  in  females.  Of  the  various 
types  of  displacements,  the  dorsal  iliac  is  by  far  the  most  common. 
Next  in  order  of  frequency  is  the  obturator,  a  subdivision  of  the 
anterior. 

Symptoms. — Severe,  sickening,  localized  pain,  loss  of  function, 
and  restricted  mobility  are  symptoms  which  are  common  to  all 
forms  of  dislocation  of  the  hip.  Deformity,  however,  will  vary 
with  the  position  occupied  by  the  displaced  femoral  head. 

In  the  iliac  type,  the  head  of  the  bone  lies  above  and  behind  the 
acetabulum,  being  prevented  from  occupying  a  higher  position  by 
the  restraining  action  of  the  untom  ilio-femoral  ligament.  The 
thigh  is  slightly  flexed,  rotated  inward,  somewhat  adducted,  and 
apparently  shortened  to  the  extent  of  about  tw^o  inches.  The  pa- 
tient's suffering  is  greatly  increased  and  rigid  resistance  is  felt 
when  passive  motion  is  attempted,  especially  abduction.  A  com- 
plication of  this  condition  is  occasionally  observed  when  the  upper 
posterior  portion  of  the  rim  of  the  acetabulum  is  fractured,  and  the 
fragment  displaced  with  the  h(*ad.  Under  these  circumstances,  the 
head  leaves  the  so(*k(4  at  the  point  of  fracture  instead  of  through 
the  usual  rent  in  the  lower  i)art  of  the  capsule.  Reduction  may  be 
possible  by  simi)le  traction,  since  the  obstructing  portion  of  the 
acetabular  rim  is  no  longer  intact.  Crepitus  may  occur  as  the 
serrated  surfaces  pass,  often  rendering  the  condition  extremely 
difficult  to  differentiate  from  fracture  of  the  femoral  neck.  The 
condition  might,  more  properly,  be  described  as  a  fracture  of  the 
acetabulum,  complicated  by  dislocation.  In  iliac  luxation  of 
the  hip  there  is  no  tendency  towards  spontaneous  recurrence  of 
deformity  following  reduction,  unless  the  condition  is  complicated 
by  fracture  of  the  acetabular  rim.     In  simple  dorsal  dislocations, 
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passive  flexion  of  the  thigh -meets  with  less  resistance  than  motion 
in  any  other  direction.  Loss  of  function  is  complete.  There  are  a 
few  reported  cases  of  dorsal  dislocation  with  eversion  of  the  thigh 
as  a  result  of  laceration  of  the  anterior  arm  of  the  Y-ligament. 

The  head  of  the  bone  may  lie  in  the  sciatic  notch,  instead  of  on 
the  dorsum  of  the  ilium,  the  condition  then  being  known  as  the 
sciatic  form  of  posterior  dislocation.     Under  such  circumstances, 


Fij?.  577. 


Fig.   578. 


Pig.  577. — Attitude  in  dorual  luxation  of  tlu»  hip.  Thigh  shortened,  adducted  and 
rotated  inward. 

Pig.  578. — Attitude  in  anterior  Uixation  of  the  hip.  Thigh  lengthened,  abducted  and 
rotated  outward. 


flexion  and  adduction  of  the  tliigh  will  be  more  pronounced.  We 
have  practically  the  same  dislocation  wliether  the  head  lies  in  the 
sciatic  notch,  or  on  tlie  dorsum  ilii,  the  difference  being  one  of 
degree  only.  As  previously  explained,  the  determining  factor  be- 
tween these  two  types  of  posterior  dislocation,  is  the  obturator 
internus. 

The  symptoms  in  forward  dislocation  are  the  same  as  those  just 
described  as  far  as  pain  and  loss  of  function  are  concerned.     The 
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dofoniiity,  however^  is  luilikf  that  neen  in  posterior   luxations* 
causi'  of  the  diirerenee  in  I  lie  po.*4i  lions  oeeupied  by  the  ln'acL 

In  the  HiO'pectineal  lujcaiion,  the  head  rt'sta  on  the  borizonlal 
raimm  of  I  he-  pultis,  in  the  region  of  the  ilio-pectineal  cmineiic**.\  in 
whicli  position  it  may  hr  jmlpati'd.  Outward  rot^ition  is  mnrkiHt 
though  tdiiluftion  nnd  Hfxion  are  8li|i<lit,  if  |irt*.st*nt  at  all.  The 
CMpsnIar  rent  i«  in  the  lower  or  lower  anterior  portion  of  tlic  liga- 
ment. Nnndiness  and  pain  iriay  he  pn»sent  along  the  eoijn«€»  of 
tlu*  anterior  ernra!  nerve  if  presKure  ha.s  bt»en  oxertml  upon  it  by 
tlie  ilixidaeed  head.     Pressure  upon  or  injury  to  the  femoral  v«^ 


F*c».  S70  mid  TtAO. — Old  umiHlut'c'd  dormii  iht-A^ U«n  hip  of  thlftr 

utautlhii;.      PitUiMit   n»iili1«*   to   fully   «'Xtitttil    iUn;h    thouicK    nltlf   l«   K«*t   nbout    b> 
li    bill  It  111  11    iihof)    nnd    rnii*v      Noto    thi*    ttthnrrrfiin^.     uddui^tiou    nod     ktiwtirt] 
ibigb.     *l1itt    •bi>ri4*niiiie    \%    iiioru    |iii>Tit>uhit'i1    ihi»u    in    u*iujil    ttt    ruetjut   cuuvm, 
bft  fool  lott  thruuicU  trvnhig.) 


sels  lias  heen  observed  in  aome  instanees.  Slight  shortening  of  the 
hnver  ext remit \  usually  exists,  and  pas^sive  motion,  especially  in- 
ward rotation,  meets  with  solid  resistance. 

If  tlie  [lead  of  the  bone  conliiuies  further  in  ita  inward  coursie, 
it  uihv  eome  to  rest  on  the  syiiipiiysis  imhis  or  above  the  hori7.ontaI 
ramus,  the  disioeation  then  fieing  spoken  of  as  stjmplnjstnl  or  supra- 
pubic.  These  two  eonditions  are  but  exaggeratt'd  forma  of  the 
ilid-juM'tineal  hixatiuu,  and  aeeurdingly  the  symptoms  will  l^e  nior 
pionouneed  and  the  danger  to  tln^  anterior  erural  nerve  and  feniurat 
vei^els  is  greater.     In  either  of  these  forms  the  head  of  the  bone 
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may  Ik^*  Wt  as  a  glo!>ular  prominem*e  somewhere  aloug  tlit*  liori- 
zoutal  ramus  of  tlie  pubis. 

A  few  cases  have  been  reported  in  whirli  tlu*  head  cH^eupied  an 
extremely  high  i>o.sition,  direetJy  below  the  iinterior  Kni>enor  iliac 
spine.  This  m  hut  a  variation  of  the  ilio-peetineal  form,  and  in 
exceedingly  rare. 

In  the  obturaior  (Hsloeatwn,  another  form  of  anterior  dinplaee- 
ment,  the  head  of  the  bone  fails  to  ride  upward  after  leaving  the 
acetabnlum  but  eomes  to  rest  in  the  obturator  foramen.  This  form 
of  disloeation  is  next»  in  point  of  frequeney,  to  the  iliac  type. 
The  limb  is  slightly  flexed,  abdueteil,  and  rotated  outward,  and 
the  displaeed  head  may  be  palpated  without  diffinilty.  A  depres- 
sion is  noteil  in  the  position  fonm*rly  oeeupied  by  the  troelumter, 
the  thigh  appears  lengthened  ami  full  extension  is  not  possiliK-. 

The  peritjeal  hixatwn  is  simply  an  exaggeration  of  the  oliturator 
form  of  displaeement,  in  whit-h  the  symptoms  (espeeiaUy  abduc- 
tion) are  more  pronouneed.  The  conrlition  is  very  unu.snal.  The 
(jrominenee  prodneeil  by  the  head  may  be  reeognized  l>oth  hy  in- 
spection and  palpation.  The  is<dno-pubie  rami  may  be  fraeturi*<l 
as  the  head  passes  across  this  portion  of  the  pelvis  into  the  perineum. 

There  is  an  extremely  rare  form  of  downward  bixation  known 
as  the  infra-cot yloid,  which  is  analogous  to  the  luxatio  ereeta  oc- 
curring in  the  shoulder.  Tlie  head  of  the  bone  is  forced  from  the 
acctahuhun  while  the  tiiigh  is  in  extreme  flexion,  and  rests  in  dis- 
plaeeitn'ul  on  the  body  of  the  isehiinn.  The  thigh  is  nmintained  in 
extn^iiii'  Hf^xion  until  the  heat!  is  re|>laced.  This  eondition  can 
neither  ht-  ebissed  witli  the  antrrior,  nor  with  the  jKJstrrior  dislo- 
cations, sinee  the  head  is  crosmnl  by  Nelaton's  liie/.  This  luxation 
is  so  extremely  rare  that  it  might  better  be  considered  as  a  surgieat 
anomaly  rather  than  to  di'serir»e  it  as  a  type. 

Another  very  niuisual  displacenu>nt  is  known  as  central  dish' 
cafion  of  the  hip,  in  whieh  the  hea<l  is  driven  through  the  bottom 
of  the  acetabulum.  This  comlition  has  already  been  th/serihed  on 
pajyft*  504  under  *vFrai'tnres  of  I  he  Lateral  Tort  ions  (d*  thi'  Pelvis/' 

Diagnosis.  'The  diagnosis  is  hased  on  tln'  sympioii^s  ju.st  de* 
scriheil.  Kecognition  of  the  <*onditioii  is  si-ldom  really  diflii-ull, 
althmigh  it  is  not  nneommon  to  see  a  dislocation  of  the  hip  mis- 
taken tVir  fnietui't^  of  tlie  tViaoial  ncek,  or  even  cordVamded  with 
some  forms  of  pelvic  fracture.  The  faet  that  the  usual  iin|ja<ded 
fraetnre  of  t!ie  neck  of  tiie  femur  should  not  be  broken  U[>,  renders 
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it  essential  that  the  surgeon  be  at  least  reasonably  sure  of  the 
existing  conditions  before  an  attempt  is  made  at  the  reduction  of 
a  luxated  hip.  In  fracture  of  the  neck  with  impaction,  the  lower 
extremity  lies  in  a  helpless  attitude,  shows  some  shortening  and 
slight  outward  rotation.  There  is  no  abnormal  fixation  of  the 
parts  aside  from  that  produced  by  reflex  muscular  spasm.  Inward 
rotation  is  extremely  rare  in  fracture  of  the  femoral  neck.  The 
most  common  dislocation  of  the  hip  is  the  dorsal,  in  which  adduc- 
tion and  inward  rotation  are  pronounced. 

The  great  majority  of  dislocations  are  on  to  the  dorsum  of  the 
ilium  or  into  the  obturator  foramen,  and  the  characteristic  de- 
formities accompanying  these  displacements  will  suggest  the  con- 
dition when  the  case  is  first  inspected.  In  dislocations  it  will 
usually  be  possible  to  palpate  the  femoral  head,  which  is,  of  course, 
impossible  in  fractures  of  the  neck.  In  dislocations,  mobility  at 
the  hip  is  much  restricted  in  contradistinction  to  the  normal  mo- 
bility seen  in  impacted  fractures,  and  the  increased  mobility  occur- 
ring in  fractures  of  the  unimpacted  type.  In  dislocations  crepitus 
is  absent ;  in  fractures  it  can  almost  invariably  be  elicited.  Dorsal 
dislocation  with  fracture  of  the  acetabular  rim,  may  be  quite  diffi- 
cult to  differentiate  from  fracture  of  the  femoral  neck.  Crepitus 
may  be  present  in  either  injury.  In  the  former,  motion  is  re- 
stricted as  in  all  uncomplicated  dislocations  of  the  hip,  while  in 
the  latter,  it  may  be  restricted  or  abnormally  increased.  Reduc- 
tion of  a  simple  dorsal  dislocation  is  only  accomplished  by  some 
system  of  manipulations,  such  as  Bigclow's,  while  on  the  other 
hand,  displacement  accompanying  fracture  of  the  acetabular  rim 
nmy  be  reduced  without  difficulty  by  simple  traction  and  counter- 
traction,  and  there  is  a  strong  tendency  towards  spontaneous  re- 
currence of  deformity. 

In  fractures  it  is  almost  always  possible  to  rotate  the  thigh,  and 
with  the  finger  placed  on  the  trorliantcr,  the  arc  described  by  the 
femoral  neck  can  be  ascfM'tained  and  compared  with  the  uninjured 
side,  and  the  surgtHHi  can  cstimatt^  whether  or  not  the  center  of 
this  arc  is  in  the  acctabulmn.  In  dislocations  the  fixity  of  the 
thigh  prccliulcs  anything  but  tlic  slightest  rotation.  When  doubt 
exists  as  to  the  nature  of  the  injury  the  X-ray  should  be  employed 
to  clear  up  the  dintrnosis. 

Treatment. — The  first  indication  of  treatment  is  the  reduction 
of  the  displaced  head.     The  method  of  accomplishing  this  purpose 
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must,  of  Dpet^ssity,  vnry  witli  the  type  of  dLsloeatioa  present.  The 
object  in  all  instaneen  in  to  cause  the  head  to  retrac'e  the  eoin*s« 
taken  by  it  in  leaving  the  eavity.  All  manipulations  must  be 
performed  with  due  appreciation  of  the  strength  and  attachments 
of  the  iliofemoral  liprameut  (see  '*  Anatomy/'  page  516).  It  should 
be  distinetly  understood  that  the  eoinruon,  dorsal  dislocation  can- 
not be  dragged  back  into  position  by  simple  traction  and  counter- 
traction  without  the  employnunit  of  excessi%'e  and  unnecessary  force 
and  ru|>tiire  of  thii  ilio-tVnioral  ligami*nt.  Reduction  uuist  be  ac- 
complished by  inanipulation. 


Fif.  681. — Hediieiion  of  llie  comiunn  1. 1.  !■  ■•  rrd  ditilm  iifioo.  of  lh«  hip  {dee  ttxih 
In  Blif^low'i  metKofI  tlie  thitrh  is  flpx^il  i..  a  n^ht  »ni?lt\  adtliicted.  rotated  inwftl*^ 
Hft*ti,  drcuni*lurl<*d  outwjird  and  L*xt<?iidvd  1  li*?  lifting  of  ihe  iliifth  is  the  esfi«ntlal 
ifiip  in  the  reduction  of  biK-kwnrd  diKlocRtionji  und  injiy  Ix-  uiiled  hy  couiitpr-prensuTB 
wiih  thp  unbooU'd  foot  »«  xhown  in  thiw  pliitf.  In  Bieolow'ji  method  nf  reduetiie  ^n* 
teri^r  lu^ntionn  the  Onieh  in  flpxt-d  to  a  riglit  aiit;l«  {an  ^howii  in  thift  illufitnitionK 
»b4ijrJed,  rotalpd  inward,  A<ddiiitrd  nod  rxlendfd.  This  inodifiriitton  ia  readily  nnder- 
itood   jf  the   [Hvaiturn   of  the  he*id   in   anl^rior   luxittions   is   kept    in   mind. 

In  rrfluritfff  a  dorsftl  flislottftiou,  the  first  step  consists  in  flexing 
tln'  thigh  to  a  right  angh%  which  ninv^^  relaxes  the  Ydigaraent. 
Traction  is  th<Mi  maiie  in  thi*  line  of  the  axis  of  th(*  seuii-flexed 
ft'rmif,  which  draws  tlie  bearl  of  tlie  bone  up  on  to  and  owr  the 
acetabular  rin*.  Outward  rotation  is  then  perfornjrd,  and  the  thigh 
allowed  to  gradually  assume  the  horizontal,  or  extendcil  [»osition. 
The  head  of  the  hone  should  slip  back  into  the  socket  as  outward 
rotation  is  commenced,  or  during  the  first  part  of  extension.  The 
most  e&sential  part  of  this  itianii)idation  (RigidowV  method)  con- 
sists in  drawing  the  IVmoral  head  forward  from  the  dorsum  of  the 
ilium  o%^er  the  acetabular  rim. 
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Fig:.    5H2.— SliniRon's    method    of    reducuu    posterior    luiiDtioiift.      The    weight    of    III 
Itiwcr   ^ifxtrmnity   pulli   in   the   direction    indicAtcd   by    the   arruw   and    this   Alone  mnj 
aufUcietit   to   nffect   reduction.      Downward    pre6sur<>,    however,    with    Ihe    hand.    &•  stio 
will  rttndftr  the  method  more  curtain.      (See  text.) 


Fig.  583. — Author's  modiUcutioQ  of  Digelow's  mMhod.     Thn  thipth  i«  "lifted'    lr«is«d 
Bky-ward)    by    Ihi*  Mirpci»on**'   f^huuldi^r    while   connlpr-pre«*iire   is  exerted   on    the   unteri«r- 
wupericir    iliiif    sitiwe,      Tlii'    (jjif'O.siN^    hnnd    exert**    dirt^rl    i>ri»*Miure    on    the    troch5intt*r    and  i 
prcvi^nts  it   from   ridmc  unmnd  t}jo  rtni  of   ihe  iirrttiiliolniin.       (8ee  text,)      It   hitw  hirt*n 
imthnrK  «'xia*ri*>nre  (hat  dilliiull   <"n*ifs   tuny   Hp   buudk-d   in    I  his   w»iy   after  the  unmodifie 
Bi|?«''!ow'H.   methr>d    hti«    fuil^'d.      An    jitK^K'ttlietir    is    often    ensmtm]    to    the   retJuction    of   di»- 
loeutioas.  of  the  hip,  especlpill.v   in   well  niuM-led  p^raoot. 


i 
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The  author  has  found  the  following  original  method  of  accom- 
plishing this  result  successful  in  instances  in  which  the  above  ma- 
nipulation failed.  With  the  hip  and  knee  flexed  at  right  angles 
the  surgeon  places  his  shoulder  under  the  bend  of  the  knee,  one 
hand  is  placed  on  the  anterior  superior  iliac  spine,  wliile  the  oppo- 
site hand  grasps  the  trochanter,  and  exerts  pressure  in  the  desired 
direction.  In  tliis  position  forward  traction  is  made  by  raising 
the  shoulder,  direct  manipulation  is  had  by  the  hand  on  the  tro- 
chanter, while  counter-traction  is  exerted  through  the  hand  resting 
on  the  iliac  spine.  During  this  manipulation  an  assistant  should 
securely  hold  the  patient's  ankle,  thus  fixing  the  lower  leg.  Ac- 
cording to  instructions  issued  by  tlie  surgeon  to  his  assistant  during 
manipulation  the  ankle  may  be  carried  aw^ay  from,  or  toward  the 


Pig.  584.— ^Allis'  method  of  Kt'ourin>c  tho  pelvis  to  the  fl(M>r  while  reducing  hixa- 
tions  of  the  hip.  Three  stuples  are  driven  into  the  floor  and  the  pelvis  secured  as 
shown. 

median  plane,  thus  producing  inward  or  outward  rotation  of  the 
thigh  as  desired.  In  this  way  the  head  may  be  controlled,  and 
forced  up  on  to  the  slope  of  the  acetabulum,  rather  than  allowing 
it  to  ride  about  the  margins  of  the  rim.  (See  Fig.  583.)  No 
originality  is  claimed  for  the  i)rinciples  involved  in  this  manipu- 
lation since  it  is  only  a  modification  of  Bigelow's  method.  When, 
however,  difficulty  is  experienced  in  forcing  the  head  of  the  femur 
over  the  rim  of  the  acetabulum  this  nuiiiipulation  will  be  foiuid 
much  more  efficient  than  the  regular  Bigelow\s  method. 

Stimson's  method  is  as  follows:  The  patient  is  placed  face 
downward  on  a  table.  The  injured  thigh  is  allowed  to  hanjj  over 
the  edge  of  the  tabic  nt  a  right  angle,  while  the  uninjured  extremity 
is  maintained  in  the  horizontal  position  by  an  assistant  to  steady 
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the  pelvis.  The  surgeon  then  flexes  the  knee,  and  the  weight  of 
the  knee,  with  the  muscles  relaxed,  is  said  to  be  sufficient  to  effect 
reduction.  Slight  rotation  and  downward  traction  will  assist  in 
accomplishing  the  return  of  the  head  to  the  acetabulum.  This 
method  works  nicely  in  some  eases,  though  it  is  by  no  means  as 
efficient  as  Stimson's  method  of  effecting  reduction  in  dislocations 
of  the  shoulder. 

All  of  the  above  methods  are  based  on  the  same  principles: 
namely,  bringing  the  head  opposite  the  capsular  rent  by  flexion 
and  rotation  of  the  thigh,  and  then  forcing  the  head  over  the 
acetabular  rim  and  through  the  capsular  rent  by  traction  in  the 
line  of  the  axis  of  the  femur. 

Allis  fully  appreciated  the  value  of  fixation  of  the  pelvis  and 
advises  having  it  secured  to  the  floor  by  means  of  a  system  of  screw 
eyes  and  bandages  (see  Fig.  584)  or  else  by  means  of  assistants. 
This  how^ever  will  not  be  necessary  if  the  author's  modification  of 
Bigelow's  method  is  employed. 

The  reduction  of  anterior  displacements  is  accomplished  by  the 
same  principles  as  already  described,  although  the  difference  in 
the  position  of  the  head  will  necessitate  different  manipulations  to 
bring  the  head  opposite  the  capsular  rent. 

The  Uio-pcctineal  dislocation  and  its  variations  along  the  hori- 
zontal ramus  of  the  pubis  are  reduced  as  follows:  extension  is 
made  to  brinj?  the  head  downward  as  far  as  possible  so  that  flexion 
can  be  accomplished.  The  thigh  is  then  flexed  at  a  right  angle 
with  the  body,  while  direct  pressure  is  made  upon  the  head  to 
prevent  its  slipping  upward.  Inward  rotation  and  traction  in  the 
line  of  the  axis  of  the  femur  are  then  performed  to  return  the 
head  to  the  socket.  The  last  step  in  this  manipulation  is  similar 
to  that  already  described  under  dorsal  dislocations. 

The  obturator  dislocation  and  its  exaggerated  form,  the  perineal 
type,  are  reduced  in  much  the  same  manner  as  dorsal  dislocations 
after  the*  head  has  been  brought  opposite  the  capsular  rim.  The 
steps  an»:  flexion  of  tlie  thigh  to  a  right  angle,  traction  in  the 
line  of  the  axis  of  the  femur,  and  then,  abduction  and  outward  ro- 
tation.    The  limb  is  then  extended. 

Central  dislocations  of  the  hip  are  reduced  by  outward  traction 
on  the  upper  end  of  the  thigh  while  the  knee  is  fixed.  The  condi- 
tion is  more  prop(*rly  a  fra(*ture  than  a  dislocation.     Buck's  exten- 
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sion  is  indicated  for  from  six  to  eight  weeks  and  direct  outward 
traction  on  the  upper  portion  of  the  thigh  should  be  maintained, 
according  to  the  Ruth-Maxwell  method,  to  prevent  the  muscles 
attached  to  the  upper  femur  from  pulling  the  head  through  the 
acetabulum  into  the  pelvis.  (See  ** Ruth-Maxwell  method,"  page 
545.) 

The  strength  of  the  muscles  and  the  pain  accompanying  manipu- 
lations renders  an  anesthetic  essential  in  the  reduction  of  hip  dis- 
locations. 

Operative  Treatment. — Nearly  all  dislocations  of  the  hip  can  be 
reduced  by  proper  manipulation  under  anesthesia,  though  occa- 
sionally it  is  impossible  to  return  the  head  to  the  socket,  unless 
recourse  is  had  to  operative  methods.  A  vertical  incision  in  the 
region  of  the  trochanter  can  be  so  made  as  to  expose  the  parts 
involved.  When  inward  fotation  is  present  the  incision  should 
be  made  a  little  behind  the  trochanter;  when  outward  rotation  is 
present  the  incision  should  be  anterior  to  the  trochanter  to  prop- 
erly expose  the  head  and  neck.  With  the  parts  opened,  the  cap- 
sular rent  and  the  course  taken  by  the  head  after  leaving  the  cavity 
of  the  acetabulum  may  be  readily  recognized,  and  by  the  proper 
manipulation,  the  head  may  be  made  to  retrace  its  course  back  to 
the  socket.  Obstru(ftions  to  reduction  are  to  be  removed  when 
present.  With  the  head  again  in  the  acetabulum,  the  capsular  rent 
should  be  sutured,  muscular  structures  approximated  and  the  skin 
incision  closed. 

Old,  unreduced  dislocations  are  the  ones  most  frequently  de- 
manding operative  reduction.  When  the  head  of  the  bone  has 
been  out  of  the  socket  for  some  time,  fibrous  tissue  forms  about  it 
in  such  a  manner  that  partial  restoration  of  function  results.  The 
action  of  the  thigh,  however,  is  always  more  or  less  impaired  be- 
cause, if  for  no  other  reason,  the  upper  end  of  the  femur  is  **oflf- 
center'*  with  relation  to  the  muscles  of  the  hip.  Partial  or  com- 
plete healing  of  the  capsular  rent  often  renders  it  impossible  to 
accomplish  reduction  by  simple  manipulation.  If  some  months 
have  elapsed  since  the  accident  the  acetabulum  may  become  filled 
with  fibrous  tissue,  which  must  be  removed  with  a  heavy  curette  or 
chisel  before  the  head  of  the  bone  can  be  made  to  fit  it.  The  joint 
is  approached  through  a  lateral,  vertical  incision,  as  already  de- 
scribed, which  varies  somewhat  with  the  type  of  dislocation  present. 
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(.'ontraetures  in  tlie  thigh  mnsc'les  sometimes  necessitate  transverse 
cutting  of  either  tendons  or  muscles  before  the  head  of  the  bone 
can  be  returned  to  the  socket. 

After-Treatment. — Following  reduction  of  a  recent  dislocation 
the  patient  sliould  be  kept  at  rest  in  bed  for  a  period  of  from  two 
to  four  weeks,  according  to  the  age  of  the  individual  and  the  sever- 
ity of  the  condition.  I\Iassage  and  passive  motion  are  of  service 
in  maintaining  the  muscular  tone  of  the  lower  extremity.  In  the 
performance  of  passive  motion,  however,  abduction  should  be 
avoided,  since  this  is  the  position  in  which  the  head  probably  left 
the  cavity.  Central  dislocations  and  dorsal  dislocations  compli- 
cated by  fracture  of  the  acetabular  ring  require  Buck's  extension 
apparatus  to  maintain  reduction.  In  addition  central  dislocation 
calls  for  lateral  traction  of  the  thigh.  These  appliances  should 
be  kept  in  use  for  a  period  of  six  weeks.  During  the  after-treat- 
ment the  weights  employed  in  the  traction  apparatuses  may  be 
reduced  as  the  muscular  spasm  grows  less.  The  resumption  of 
function  should  be  gradual  after  the  patient  has  recovered  suffi- 
ciently to  leave  his  bed.  He  should  be  instructed  to  particularly 
avoid  any  position  of  the  thigh  similar  to  the  attitude  in  which 
dislocation  occurred. 

Prognosis. — The  outlook  in  uncomplicated  dislocations  of  the  hip 
is  good  if  reduction  is  accomplished  early  and  sufficient  time  allowed 
for  tlie  repair  of  \ho  parts  before  function  is  resumed.  Central 
dislocation  of  the  hij)  is  a  much  more  serious  condition,  since  it 
includes  fracture  of  the  pelvis  and  may  be  accompanied  by  injurj' 
to  the  pelvic  viscera.  Proper  operative  procedures  are  usually  fol- 
lowed by  improvement  of  function,  though  it  is  seldom  possible  to 
secure  a  i)erfect  r(»storation.  if  the  head  of  the  bone  has  been  out 
of  the  socket  for  any  considerable  length  of  time. 


(IIAPTER  XXXVIT. 
FRACTrREH  OF  TIIK  IIVPKR  KND  OF  THE  FEMIR, 

Surgical  Anatomy.— The  upper  end  oi"  the  feiruir  ha^  three 
ac»cessory  centers  of  ossi  heat  ion ;  one  for  the  head,  one  for  the 
grpfiU*i\  and  one  for  tlie  lesser  trochanter.  They  n\\  join  the 
diaphyj^is  at  ahont  the  eij^hteenth  year.  Epiphyseal  separations^ 
however,  are  extremely  rare  in  the  upper  end  of  this  hone,  exeept 
as  a  efironie  eorulition  in  children,  whieh  is  known  as  coxa  vara. 
(See  'Injnries  to  the  Feuicral  Neck  in  Children/'  page  555.)  The 
structure  of  tlie  ni)per  end  of  the  femur,  including  the  relation  of 
compaf't  and  eaneelh^ns  tissue,  is  of  importance  in  explaining  many 


Fig,    tttib. 


Fi^.  :if*o. 


Fifii,  f»85  tiiiii  TiftG. — rorniwil  iind  iirtHiv  hi^iizniital  Kertiatis  of  th<*  tn*iM'r  ciul  of 
Xbto  femur  thowiiig  Mm  r«ltilivc  UiMrtljutiun  of  caiK-Hlouft  and  eoniiiaot  tiaauf",  B,,  he&H 
of    feniur.      T>,    troctittnlir    mnjor,      (Preatoii — .Surf/.,    OffnccoL    and    OhttrLt    Feb.,    1914.) 

of  the  clinical  conditions  oeeurring  in  fractures  (see  Fi^.  585 
and  586).  The  upjier  end  of  the  hone  is  eonipuj^ed  of  \vi<le-ineshed 
eaneelhited  tissue,  enclosed  iit  a  layer  of  compact  structure  which 
grows  heavier  as  the  shaft  is  approached,  (loser  examination  of 
the  caneellons  tissue  shows  that  it  is  disposed  in  two  sets  of  phuies, 
the  socalled  *' tension  plancH*'  and  ''pressure  planes/'  Tlie  former 
run  upward  from  tlie  outer  portion  of  the  shaft  into  the  trochanter, 
and  arch  over  into  the  nei'k  and  head:  the  latter  ascend  froia  the 
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inner  side  of  the  shaft  and  pass  into  the  head,  while  others  arch 
over  to  the  great  trochanter.  These  planes  are  simply  an  arrange- 
ment of  the  cancellous  tissue  which  renders  the  same  amount  of 
bone  more  capable  of  withstanding  the  pressure  and  tension  to 
which  the  femur  is  subjected  by  use.  The  calcar  femorale  is  a 
thickening  in  the  internal  structure  of  the  neck  which  strengthens 
the  angle  of  junction  between  neck  and  shaft. 

The  neck  joins  the  shaft  at  an  angle  of  about  127  degrees,  al- 
though variations  occur  between  the  limits  of  121  and  144  degrees. 
In  children  the  angle  is  more  obtuse,  while  in  old  age  it  approaches 
the  right  angle.  The  great  trochanter  is  often  traversed  by  a 
continuation  of  the  compact  tissue  of  the  posterior  surface  of  the 
neck,  and  although  this  tends  to  strengthen  the  posterior  aspect 
of  the  neck,  yet  the  arrangement  is  not  as  strong  as  that  found 
anteriorly. 

Numerous  muscles  are  attached  to  the  upper  end  of  this  bone, 
which  influence  the  relative  positions  of  the  fragments  in  the  pres- 
ence of  unimpacted  fracture  of  the  neck.  Raising  of  the  lower 
fragment  or,  in  other  words,  sliortening  of  the  lower  extremity,  is 
brought  about  by  the  action  of  the  ham-string  muscles,  the  adductor 
group,  the  glutei,  rectus,  sartorius,  ilio-psoas,  tensor  vaginas  femoris, 
pectineus  and  gracilis.  Eversion  of  the  lower  extremity  is  the 
result  of  the  weight  of  the  thigh,  the  center  of  gravity  being  ex- 
ternal to  the  articulation  of  the  hip.  Eversion,  in  impacted  cases, 
is  due  to  the  manner  in  which  the  base  of  the  neck  is  driven  into 
the  trochanter  and  the  fact  that  the  anterior  portion  of  the  femoral 
neck  is  stronger  than  the  posterior.  In  addition  to  the  action  of 
the  pectineus  and  the  adduotor  muscles,  it  will  be  observed  that  all 
the  glutei  tend  to  produce  outward  rotation. 

Fractures  may  occur  in  the  neck,  close  to  the  head,  midway  be- 
tween the  head  and  the  great  trochanter,  or  at  the  base  of  the  neck 
where  it  joins  the  shaft.  The  last  named  position  is  by  far  the 
most  common.  In  some  instances  the  fracture  may  pass  in  such  a 
manner  that  it  involves  the  upper  portion  of  the  femoral  shaft  as 
well  as  the  neck.  Fractures  have  been  divided  anatomically  ac- 
cording to  the  i)Osition  of  the  break  with  relation  to  the  capsule. 
Intra-capsular  fractures  show  a  much  stronger  tendency  toward 
non-union  than  those  outside  the  capsule.  Surgically,  however, 
this  distinction  is  not  of  vrreat  vahie,  since  it  is  almost  impossible 
in  a  given  case  to  say  whether  tin*  fracture  is  within  or  outside  of 
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the  liMrameiit.  Moreowr,  post-niortem  fiiuliugH  luive  ckmonstrated 
tli*^  fjiet  that  in  tlie  majority  of  instances  in  which  the  nL*ek  is 
broken,  the  line  of  fraetnre  is  both  intra-  and  extra-eapsnlar ;  tliat 
is,  the  fracture  passes  through  the  femora!  attach nient  of  the  liga- 
ment. The  more  practical  distinction  is  whether  or  not  the  frac- 
ture is  impacted.  Impaction  consists,  as  a  rule,  in  the  base  of  the 
neck  being  driven  into  the  substance  of  the  great  trcM?hanter,  If 
the  neck  is  viewed  from  above  one  reason  for  the  frequency  with 
which  eversion  accompanies  impaction  will  be  apparent.  The  an- 
terior surface  of  the  neck  is  almost  straight  and  flush  with  the 
front  edge  of  the  trochanter,  tluis  otTering  solid  support  to  the 
anterior  portion  of  the  trochanter  in  the  presence  of  direct  vio- 
lence. The  posterior  surface  of  the  neck  is  much  curved  and  does 
not  come  flush  with  the  posterior  margin  of  the  trochanter.  This 
results  in  tlie  posterior  portion  of  the  trochanter  being  much  more 
I>oorly  supported  tlian  is  the  anterior,  and  wlien  direct  violence 
is  applied  in  this  region  of  the  iKUJe  the  posterior  aspect  of  the 
neck  will  l>e  more  likely  to  give  way  than  the  anterior.  T!ie  result 
is»  manifestly,  eversion  when  impaction  of  the  femoral  neck  occurs. 
The  continuation  of  the  com[jact  tissue  of  the  posterior  surface  of 
the  neck  into  the  trochanter,  previously  mentioned,  tends  to 
strengthen  this  jiortion  of  tlie  bone;  yet  this  bony  tissue  is  %^ariable 
and  even  when  present  is  not  sufficiently  heavy  to  increase  the 
strength  of  the  posterior  aspect  of  the  femoral  neck  so  that  it  equals 
that  found  in  the  anterior  portion.  When  the  ring  of  compact 
tissue  surrounding  the  junction  of  the  neck  and  shaft  is  fractured, 
the  neck  crushes  into  the  cancellous  tissue  of  the  trochanter  with 
comparatively  little  resistance. 

The  surgeon  should  know  the  bony  landmarks  in  this  region  to 
be  able  to  properly  diagnose  and  treat  fractures  of  the  femoral 
neck.  The  erest  of  the  ilium  is  subcutaneous  throughout,  the  great 
trochanter  can  be  recognized  both  by  inspr^ction  and  palpation, 
and  the  tuberonity  of  the  ischium  can  be  readily  felt.  The  rela- 
tive positions  of  the  anterior  superior  iliac  spine,  tuber  ischii  and 
trochanter  major  sliould  lie  known  under  normal  contlitions  in 
order  that  the  variations  ocmirring  in  fractures  may  be  recognized. 
If  a  tape  is  siretclird  between  the  anteritir  su[>erior  iliac  spine  and 
the  tulwi-osity  of  the  ischium  it  will  correspond  to  Nebiton*s  line 
(see  Fig.  587).  Normally  Nekton's  line  about  touches  the  top  of 
the  great  trochanter,     hi  fracture  of  the  femoral  neck  with  sliort- 
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etiing,  the  toji  of  liic  trocluinter  vimH  above  this  lint'.  The  (mcin 
lata,  carTipom'd  of  heavy  fibrniis  tissue,  is  HiUiehed  iibovc  to  tlit* 
tmU'v  Up  of  lh<'  ilini'  <'n'st,  siml  lirlow  to  tlio  <*xtt*rnal  tuherosity  (»f 
the  tibin.  riuba^  tiontial  com  I  i  lions  thin  faneia  i&  tense  and  ofroi^^ 
resisUirier  whrn  i^n'Hsiire  i«  rnnde  between  the  iliHC  crest  and  trd^H 
fhanter;  wht-n  fnicliin*  or  diHc^iLse  nf  tlie  frrnoral  neek  rt^Mult**  in 
shortenings  this  ijortion  of  the  fasria  lata  heeoiueii  lax,  which  con- 
dition may  \\v  nM-ognized  by  eunipHrison  with  the  opposit*?  side. 

Tilt*  rarifyin^'  ehangt's  or  cKStfoimroKiH  oeenrring  in  old  age  aflr**<'t 
the  nitirt'  internal  Htrurtnre  of  the  upper  end  of  the  femur,  and 
tend  to  nnnove  the  ealear  feniorale,  and  tlie  extension  of  the  pm* 
terior  surfaee  of  the  neek  which  continues  into  the  substAnee  of 
the  trochanter.      Iti  addition^  the  snrfaf^f>  f'ompact  tissue  becomes 


I'lie    jA7, — Ma|i|>lit^    oiii    of    lirvaiu*    frtttfiicU    unci    Kt'loion'*    liti«. 
Crom    till'    iititcrior    *n|i*'i*itir    ilinr    n(iin»«    lo    tfu'    (.^..^i^iknii     .a    th,.    f-.hiu 

A    vtrtic*]    liiu'    Ji'4»(»i»r>(l    fioiij    thv    utitc.rku 

Ou"  t>atu'til  lir^f  mtd   »i  vc?rlii'«l  1iiM<  .  *i »  n-t^-ii  ,.,  ,,...    ,i-    .^.^ 

funn    iwn    »^n\tf»^    i*f    Hr^Nnl'ii    irun  iiic    tbitU    iiuU<    u   fm^ 

llr>Hnl>'    rriwnifl*' — .Y  1' vf       In     t  i     Ou*     f^mMrMl     nrolt 

ifflU4iU>    ■IwrU'iicil.      I  **      «'"     "1  -I    tfiuc  «ptu«i.     A\,    ^, ...,-,.. 
TtiWr  inchi*. 

tbiiinrr  and  more  britrli',     Tfu^ne  changes  together  with  the  altel 
at  ion   in  tin*  arigh*  al    wbicfi   iVie   neck  joins  the  shaft  explain,  at^ 
IvHHt  partially,  thi*  fn'<nirn('y  of  fra«"turi*  of  the  frnioral   nt*i'k  In 
the  aged* 

Fnit'tnn*  of  tin*  h(*ad  of  llir  i'rnnir  \s  an  ex(rern**ly  nnn.sual  con* 
dition,  only  two  or  tlirtM^  ease«  having  l>4'**n  rejiorteiL  it  i.s  not  an 
nn<'onnoon  mitltrr  Tor  rrM<*tnrrs  of  tbi»  in-ek  of  the  frninr  to  involve 
the  grral  rrecliiiiiter,  but  isohjted  fracture  of  the  troc'hanter  is 
nlmost  as  rare  as  frarluro  of  tht>  lh*ad.  The  eases  reported  have 
hrrii  dut^  ♦iHiiT  to  din'rt  violinicc  ar  tc»  mnsenlHr  action.  Isolated 
frarltirc  of  tbr  lesser  troelianti'r  is  also  n  riirt*  condition.  The  re- 
pori*'d  i*iisvs  sei*iu  to  havt*  bi'cn  tbu"  to  l\w  art  ion  of  the  ilio-psnas. 

Etiology. — Fraetnn*  of  llie  rirt-k  nf  ihc  fenrnr  is  essentially  an 
iieeidt*Ht    of    advanced    Vii'r.     Krartiires    of    the    femur    constitute 


Fii!. 


Kiff.  b^^. 


it  \mH(t  til  ifuutra]  netk. 


V\x.  58JI — Old  titiiinir<*rl  frH«hiri«  of  niid(tl(*  r>f  rpuitirnt  Mvvk  witli  uiiwtu'd  di«|,>Vt»iM» 
prut  of  low^r  fra)|riii«>nl.  Tlj*«  uiivvtirU  di^^pUi-euii^iit  »)f  I  hi*  fi«iuur  in  pin  inly  Ti«»blc  imil 
ihv  Dimttufr  in   whtilf  lhi«  fusria    inln   hf\nm*'n   \n%   iMlwet^n    ihe  Trnrh»nt*'r   jiiid   Hiar   rroxt 


Fig.  6dO. 

Plf ^  SIlO. — ImpAttvHl  frttrtur«  ill  netk  of  ffmur. 

Y\g.   591. — Fractarr  of   fctoorftl    tii«rk   with  usual  dt'foriiiiij — ratHiiifC  of   trocluinter. 


536 


PBACTURES  AND   DISLOCATIONS 


Fig.   593. 


ITpppF  arrow  point*  to  line  of  fr 
Deformity  controlled  by  Buck's  erten*] 


Fif.  592. — ^Fraciure  of  Hm  of  acetabuluni, 
while  the  lower  Indicatei  the  detairbed  trAgmeut 
■ion. 

Fig.  593. — Fracture  of  a  small  portion  of  the  grtmi  troohaaier  with  Mpuration 
th«  friiin^PDt.  Rc^iult  of  muikciilfir  acttDii.  A  rotidilion  which  might  readily  be  ov 
laoked  and  eoriaiderod  ah  a  *'jtpraifi"   if  Ihe  X-rny  were  not  employ,  ihI/ 


Fijff.   694. 


Fig.  594.^FrRcture  ihrough  femoral  n«*rk  iibout  midway  between  head  and  tro- 
chanter. Deformity   overcome   hy    Buck'is   pxteoKion. 

Fig.  59^. — Fracture  through  ba»e  of  femur al  neck  with  apUltinf  off  of  leaaer  Iro- 
chanter. 
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ahout  six  percent  of  all  fractures,  and  fractures  of  the  neck  of  the 
])one  make  up  from  one-third  to  one-fourth  of  all  femoral  frac- 
tures. Slore  than  half  of  the  fractures  of  the  neck  occur  after  the 
sixtieth  year.     They  are  more  common  in  women  than  in  men. 

Ssrmptoms. — The  physical  signs  and  symptoms  in  fracture  of  the 
femoral  neck  vary  according  to  wliether  or  not  impaction  exists. 
In  the  unimpacted  form  the  patient  is  unable  to  stand  on  the  in- 
jured member.  In  fact  tlie  lower  (extremity  lies  in  an  entirely 
helpless  attitude.  Pain  is  constant,  and  increased  on  motion.  The 
limb  is  usually  completely  everted  so  that  the  outer  surface  of  the 
foot  rests  flat  on  the  bed.  The  great  trochanter  is  raised  above 
Nelaton's  line,  and  the  fascia  lata  betw^een  the  trochanter  and  iliac 
crest  is  found  relaxed  when  compared  witli  the  opposite  side.  In- 
version of  the  limb,  though  extremely  rare,  may  be  present,  instead 
of  eversion.  Crepitus  and  mobility  may  be  elicited,  but  all  manip- 
ulation should  be  most  gentle  and  guarded,  lest  impaction,  if 
present,  be  broken  up.  Rotation  is  particularly  likely  to  loosen 
the  impaction.  The  limb  is  shortened,  thougli  seldom  more  than 
two  inches.  The  shortening  is  usually  less  pronounced  immedi- 
ately following  the  accident  than  it  is  at  the  end  of  twenty-four  or 
forty-eight  hours.  Traction  upon  tlie  foot  lessens  the  shortening, 
though  recurrence  is  prompt  wlien  tlie  foot  is  released.  A  slight 
fullness  in  the  upper  portion  of  Scarpa's  triangle  is  usually  noted. 

When  the  fracture  is  impacted  most  of  the  above  described  symp- 
toms are  present  thougli  less  pronounced.  Slight  or  moderate 
eversion  is  usually  noted,  and  some  shortening  exists  though  it  is 
by  no  means  as  great  as  is  commonly  seen  in  uninipactted  cases. 
Crepitus  is  absent.  Pain  is  usually  present,  though  the  degree  is 
quite  variable.  Loss  of  function  is  by  no  means  as  constant  and 
pronounced  as  in  unimpacted  fractures.  In  fact,  a  i)atient  with  a 
firmly  impacted  fracture  of  the  femoral  neck  may  be  able  to  walk 
a  considerable  distance.  This  incomplete  loss  of  function  has  not 
infrequently  been  the  cause  of  incorrect  diagnoses,  the  condition 
liaving  been  mistaken  for  a  ** sprain.''  Impaction  of  the  fracture 
produces  some  shortening  of  the  femoral  neck,  which  may  some- 
times be  recognized  in  the  shortt*r  arc  described  by  the  trochanter 
when  the  thigh  is  rotated.  This  shortening,  however,  is  often  so 
slight  that  it  is  difficult  of  recognition,  and  since  rotation  is  so 
likely  to  break  up  im])action  it  will  usually  Ih»  best  to  pass  lightly 
over  this  symptom.     The  history  given  in  the  usual  ease  of  frac- 
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ITIONS 


Fig.   5t»ti, — Iiuijakcted    friifture  of    the    ftMiiorwl    iwrk. 
injt  pTt<j|*nt  and  fverKion   h  only   LUMdrrvu*. 


\'i*ry    islifcl^it   dfgrp**   of   ^^hnrtfti* 


Ftk.    OiHT— Itmnuirtj    fi-jirtnri'   tif    ih*'    jifik    of    :.  lu    u«    old    mun       Th*«   limb  J 

is    liflpTt*w*.      VfTy    sliirlil    t>vi«rx,h*o    unci    shurteiiini^    |n.-,.in         Jhnfp    \s    no    npncaranri^    rtf| 
twiHtiiiK  of   ti^*'   Ihiijii    aeii   ai-r'n    in    Fi«,    62ti.    fi««r    i»  tliert*   iinj    Ihickpfiiiig   of   Ihi?   tliijch 
Re*"!!    in    Fiif.    5^>8,      Kti'iilKtMor^rrttn    fhown    frntlur**   of   ihc    f^^^mornl    in_'«'k.      I»    i*    thi«   lypir  | 
of  c»»e   wliicU   IK   Ml)   oftt*«    overlook*'*!    iitui    ili)i|;Mimpr|    na   u    "'sjiriua"    t»KiK»cially    \t   Ihi*   jm-  | 
tknt  IB  »Mf  to  wiilk. 


Fi^.  jflfl. — FniKiirc  of  rltflit  ftriniir  tlirutif^h  irrcjit  Irueluinicr.  Nut**  il^ickt-niiij;  of 
(liie  lliicli  in  i\H  iipptT  iiiirt  and  iht*  eviThion  of  tin-  !owt»r  rxtn^inity,  Compnrf^  tl><»  Unels 
of  ilie  two  knet's  wliirh  am  illrt^rlly  »«  front  of  tiit*  rnmeni,  Rittiil  thigh  siig^iitly  »hoi*ter. 
Pictnm  tul(f>n   n   fpw   miniHf»   followitii;   ilip   injury. 


Fig,   5m) 
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hire  of  tli^^  fiMhoral  iierk  iji  elderly  pv^nsons  is  one  of  slight  tniuma, 
Miieh  as  a  misstep,  a  twist  of  tlie  thigh,  or  a  full  in  walking'  across 
tlie  room.  It  is  soiiietirnP8  tliffieult  to  aseertaiii  wht^tlier  tlR-  fall  pro- 
(hieed  the  fraetiire,  or  whether  the  fraetiir*^  was  spontaneous  anti 
resnlted  ia  the  falh 

Diagnosis,— The  deep  posit i4>n  of  tht*  feiuoi'al  mvk,  surrounded 
hy  hravy  ninsi*les  and  faseia*  r*Miders  palpation  of  this  jiortion  of 
the  hojie  i*xtn*Miely  diflieult.  The  diagnosis  is  hiised  on  the  syai[*- 
toms  just  deserihed.  to*^e1her  with  a  careful  exandjiation  of  th« 
lower  extremity  iiielnfliag  mensuration  nnd  <"onipnrisoii  with  the 
uninjured    mendier.     Tht*    X-ray    is    invnlunhle    in    dia^'Unstteatiug 


ttibfroMty    «f    \iu<    intliihira    (o    (l»»tormine    tlir    ri'laiive    lf'V«4    of    the    ttreat«*r    tuberasily. 
NelAton'n  line,      (Seci  Fig,   587,) 

the  preseiiee  nf  fraeturt*;  in  faet  it  is  th«*  ludy  raeniis  of  th'terudniu^ 
aeeurately  the  detnils  of  tlie  iujury. 

Nehitou  s  line  find  HrvMUt 's  triangle  (see  Fig.  5H7).  should  be 
um[>ped  oal  nnd  the  position  uf  the  trorluinter  d*dermiued  with 
relation  to  the  hony  landauirks  of  the  pelvis,  (See  *'Auatoiny," 
page  5:j;?,)  The  ease  should  he  eHrefully  ilispeeted  for  tl»e  purpose 
of  reeogniziiig  deformity,  and  neeurate  measurements  shmdd  he 
aiH4ie  hefore  aiaiiipulatioii  hi  nuy  lorai  is  atteinphd.  The  distanee 
from  the  Bnt(*rior  supeiioi-  iline  spiue  to  Mie  tuherele  of  Ihe  IVamr, 
aiul  then  to  llie  iidernal  nmneolns  should  he  tnkeii  with  a  stee! 
tape,  and  eoai|Nired  with  Ihe  distan^-es  hetween  tlie  enrrespnnding 
houy  prominenees  of  the  oj^posite  lower  extremity.  lu  taking  these 
measurements  the  patient  should  he  placed  squai-ely  in  bed  so  thaf 
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a  line  drawn  thniiigh  tli*^  antr^rior  superior  ilian  spines  will  he  at 
right  an^h's  to  tliu  spinal  i^olunm.     lii  other  words  the  pelvis  should  | 
not  be  '* tipped'*  at  the  time  the  measurements  are  being  taken. 

Fracture  of  the  femoral  neek  must  he  differentiated  from  dislo*| 
eations  of  the  hiii,  frartun*  «>f  tlu'  aectsjlMilnin  with  or  witliout  dis- 


l-'i^f.  001  nnd  602. — Measuring  the  l«n|ftl> 
(if  llvf  luw«»v  fxtreinity  from  th<»  AUt«rior  «ap«- 
n<»i-  iliiw^  iiiiine  to  th?  tip  of  ihe  in(«erDal  vimV 
Wjluh.  'Dh-  lepii  Rboiilii  hti  purallcl  and  tUt; 
pelvi<*  Hhoulcl  not  be  1t[»ped.  In  othirr  word»  u 
lini'  dniwn  Oirotigh  the  Bitlprior  superior  ili«c 
spineii    Bkauld    be    ill    rijthl     angleft    with    the 


rnvdiMn    pJimif    of    tlic 
and  rtOi,) 


hady. 


ang! 


;cc    Fig*.    603 


head,  fracture  of 
fracture    of    the 


lihiriMiient  of  t\u 
the  jrelvis,  and 
femoral  shaft. 

Thr  eharaeteristie  attitude  as- 
sumed in  hixations  of  the  femora^ 
head,  the  restricted  mobility  and, 
in  some  iristanees,  direct  i>alpation 
of  the  djsplaeed  head,  should  sen'e 
to  distinguish  disloeations  of  the 
hip  from  fracture  of  the  femoral  neek.  In  fraetures  of  the  fem- 
oral shaft  the  position  occupitxl  by  the  great  trochanter  will  be 
found  normal  and  the  point  of  preternatural  mobility  will  be  lo- 
cated below^  it.  When  the  thigh  is  rotated  the  trochanter  wilt  fail 
to  follow  the  shaft.    Fractui-e  of  the  acetabular  ring  and  certain 


I 


Fiif.   602, 
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pelvic  fractures  aro  o<*i*asionally  tHfficult  to  differentiate  from 
fracture  of  the  femoral  iiet'k  unless  a  Ront^eiiogram  is  made.  In 
fact  the  X-ray  should  be  employed  m  almost  all  injuries  about  the 


Fig.  608 


Fif,  603. — Mi?>«uremenU  uf  \)\e  lowc^r  extremities  tarkea  with  the  logs  parftUe]  and 
the  i^elfii  up-ilpp^d. 

Fig.  604. — ShowB  the  effect  of  tipping  tlie  pf*lvi«  wKph  these  meMurementB  rnre  being 
taketu 

hip.  Inspection,  palpation  and  mensuration  may  enable  one  to 
determine  the  seat  of  the  lesion  but  it  is  impossible  to  ascertain 
the  exact  details  and  nature  of  the  fracture  without  the  aid  of  an 
X-ray  plate.     Jloreover  one  cannot  he  sure,  prior  to  examination, 


I 


Pig,   606. — Picture  tuktfii   lo  show  how  ihe  /asciu   lata  hertimrw  lax  Iwtwc^n  th«  iliac 
er0it  ami  the  trtichnnter  when   (he  Utter  in  raiM«Hl  through   fructnre  or  diseace, 

whether  or  not  impaction  exists,  and  it  is  much  better  to  refrain 
from  manipulation  altogether,  rather  than  to  break  up  an  impac- 
tion.    The  surgeon   who  is  unaccustomed  to  dealing  with   these 
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ciisfs  had  better  siihinit  tin*  patient  to  an  X-ray  examination  before 
Hiiy  extensive  nranipiilatinn  is  atteiii|»te<l. 

Treatment.  -The  treatment  of  fra<'ture  of  tlie  imm-Ic  of  the  femur 
depends,  fiist  on  tlie  a^e  and  eondition  ol'  the  |)atient,  and  next  on 
whi'ther  or  not  tlie  traetnre  is  inipaetetl.  As  far  as  the  fracture 
itself  is  eoiK'eriMMl.  riMMiMdn-nev  is  a  prinii*  r<M|uisit(\  hnt  the  fact 
that  ohi  peisons  are  nnahle  to  stand  prolonged  eontinenient  to  iM'd. 
makes  it  neeessarv  to  adopt  some  form  of  andndatory  treatment 
or  one  in  wliieh  tiie  patient  may  he  raised  to  tlie  sittinfy;  position. 
When  the  neek  of  the  fennir  is  fraetnred  in  ei<lerly  persons  the 
treatment  is  often  moi'o  a  (piestion  of  th('  prevention  of  conipli- 
eations.  sueli  as  liypo^tatic  pr)enmoina.  tlian  eom|dete  restoration  of 
fnnetion  in  Ihe  injured  memlier. 

There  ar«'  at  the  pie^mt  lime  lour  reeojridzed  methods  of  treat- 
injr  fractures  of  tlie  hip.  Tln'v  an*:  n t  umh*  nrif  irith  traction  and 
vnmiii  r-trnrlinn .  tin  jthisttr  msl,  tin  amIniUiionj  aplint  and  open 
fnatun  lit.  Kaeh  form  <d'  treatment  has  its  mot lificat ions,  and  com- 
binations of  these  methods  are  not  uneonnrion  in  tin*  treatment  of 
fractures  of  tin*  femoral  m-ek.  \<ine  of  tln'in  is  ideal;  they  all 
have  their  a<lvanta<;es  and  their  drawhaeks.  Kaeh  ease  should  be 
carefully  consitlered  and  thr  m(tho<|  or  condnnations  of  methods 
hest  suited  to  the  ease  in  h:iiid  should  hi*  adopted.  In  selcrtinf?  the 
mode  of  pi'oredui-e  to  In-  roljoweij  the  sUI'iU'on  uuist  <*onsid«'r  his 
surroundiii^s  iiiid  the  (iv:iil:dile  raeilitirs  as  well  as  the  a^e  and 
I'ondit i(»ii  nl'  the  patient. 

If  the  piitieiit  is  sti-ouL'  euouirii  to  I'emaiu  in  hed  during  the 
proerss  of  lepair-  llie  ri;ietui-e  ma\  he  ti'eated  1)\  Muek's  t^xteusion 
and  the  jon^^  side  splint.  Il  is  essetitial  ihat  the  hed  he  firm  and 
unsair*:inir.  U'  a  fraetuie  hid  ejmnot  hr  ohtained  the  ordinary  IhmI 
may  he  made  mor*-  vh/ul  \)\  pIneiML'  hnai'ds  under  the  mattress  to 
prevnii  Njii^irimj^.  liueks  rMrusinu  is  applied  as  shown  in  Ki*rs. 
V)\H)  and  finT.  Thr  hn\ei'  "\lrrmity  is  snjiped.  shaved,  spon^red 
with  ah'ohol  and  thornULihlN  di'ied  In-fort-  the  adh<»sivt»  plaster 
is  applied.  Th*'  wooden  sj»i'eader  helow  the  foot  slionld  he 
hroiid  eiiouLdi  to  kcM'p  the  ;idh<'>iv.-  phister*  from  touehin*r  and 
irritat iiM»^  tli»-  ;iid<h's.  Th«'  wii'jhls  ••mplnMMJ  shouhl  h(»  sutli- 
eirlil  to  eoiili-ol  till'  iiiii^riiliir  s|i;i>iii  ;iiid  will  varv  with  the  huild 
of  tin-  pali'Mit.  iii'»-;ii.  r  w.i'jiil  will  In-  r''<pnred  during  the  lirst 
day  or  two  than  is  ne«rs>,;ii\  |;it«T  wli«ii  thr  inuseles  liave  het»n  tired 
out  hy  the  continuous  |>iill  of  tin-  e\ti  ii>ion  api)aratus.     From  ten 
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OD    rhr  lower  fxtrinnity.      Biirk'*  exIftiHioii. 


t'urf  loji^^iludioHl  truu'Lioci 


Fie*  607. — Showh  Buikw  rxt^nhi+jn  (•ou»i>h»fecl.  llu^  strips  uf  jiiilhi»*ivt*  liavc  Ufvn 
f»«t«nea  to  thei  jipr««nd<»r,  and  rope  pulley  nnd  weiifhl  iittrtrh«*d.  The  sprt'iuler  cnfiHist* 
of  m  Kiiuill  Hqtinre  pitn^t'  of  H^hi  hnnrd  vrilh  a  holt*  drilled  Through  Us  middlu-  for  the 
attoclimrint  of  *  liffht  ruptv  It?*  ptirptsnf  iN  U*  prrvM^iit  iho  ndhi'sivc*  plnsttT  frciin  ri»min|^ 
in  eontArt  wiiii  the  «kiii  over  the  Tniillfi>H  iind  t4>  jicl  ii»  iin  e^iualmT  mi  that  tlie  piiU  wlU 
Ik*  ttj<»  aaini?  op  botli  siripw  of  jidhi'Hivo,      t  "Hi^t'  |Jmcn>  Ti^!!;, ) 


b«l. 


Fi^.   OOH 


Fiie,   (SOfl, — A   ronvenipnt  tarm  of  wfighi    in   i» 
Y\g,  609, — A   gwd   »di»pl»tioii   of  tbi?   fiuHey 


i><r(i   wrtlb    Brick' s   extrnwiltiu. 
be   111  I uc bed   U*  the   ftxit   of    nn   iron 
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to  twenty  imuiuls  may  Ik*  advisable  duriiif?  the  first  few  days,  but 
later  in  tlie  treatment  six  or  eij?ht  pounds  will  usually  be  all  that 
is  neeessary  to  steady  the  parts  and  ov(»r<.*oine  the  increased  mus- 
cular tone.  The  patient  will  be  more  comfortable  with  a  proper 
weipfht  than  witli  too  mueh  or  too  little.  (*ounter-extension  is  ob- 
tained by  raisinj?  tlie  foot  of  the  bed  eipht,  ten  or  even  fifteen 
inches,  according:  to  tlie  weight  used.     With  the  extension  apparatus 


£h£; 


\c:2:ji 


Kiu' 


(MO. 


.»f     .l>iM 


Fri;     r.ll. 

i)f    fniftun 
:il.r>)U    <iii«>    loot    iti    l.ii:;tli    may    ho    nailod    in    th«»    anirlc 
lotli("<   rcsiiim   (III   \\\v   font.      ThiH  will  obviate  tho  necfi»- 


I'iL'.    •;iii       I.oiiu'   "I"  splint    iixr.l    ill    tlir    tii-.itin.iit    nf    fniPturoK   of   the    neck    or   ihaft 

(»f     til.-     f.iiiiir  \     vliip     ,,t      wo.m!     :il.r 

i.f  tlir  splint   to  pr.\.iit    til.'  b.-.l   .lofli«"<   rrsiiim   .m   tii..   loot,      huh  will  obviate  tho  necon- 

r.iill.-        I  <<  .•    I'lj     T"*-.) 


Ki-'    «>ll.      .1     >.)n.\N,    I'.ihU  s   r\t»iisi(tii    .-ippli.-il    niid   T  splint    in    ponition   with    Kppro- 

-   I».iii.l:       '  ••  '' •'   • 

I    viiipv    nt    ,i«lli.-l\.'    ;in«!    ImmI>     >.\\.ith.' 


.,  ,  ,  ~ »ppr< 

prmtM  p!i(l<liii»'       /;     ^1m.\n-    tin-    i-.-kLIim-   L.-irul.-i::.-.!    to  tli.'   sjilint   and   tho  latter  Rorured   i 
position   1  ■      ■•  ... 


in  pljicr  ;i  loMfx  side  splint  is  jjpplird,  the  upper  end  extends  to 
the  ri^'litli  or  trntli  rill  n\u\  is  scciiri'il  to  the  trunk  by  means  of  a 
body  s\vath«'.  'V\\v  \\\\\i\\  n\u\  \v\i  wvr  si-eiired  to  the  splint  by 
iiienns  of  han(hi«r«'s  of  {nlhcsive  phistrr.  if  a  cross-piece  is  attached 
tr)  the  h)\\rr*  end  of  tlir  splint  it  will  I'rnder  the  whole  more  steady 
\\\\{\  sccur-c.  in  uninipjh-lrd  cMsts  particular  care  should  be  taken 
to  cor-rcct  cvcr-sion.  This  can  he  nicely  accornplislied  by  transverse 
strips  of  adlirsivc  pa.^sin«r  under  the  thitdi  and  over  the  side  splint 
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to  which  they  are  fastened.  If  the  fracture  is  impacted,  extension 
and  counter-extension  should  be  applied  with  caution  lest  the  im- 
paction be  broken  up.  Enough  weight,  however,  should  be  used 
to  control  the  muscular  spasm  which  is  capable,  in  some  cases,  of 
breaking  up  the  impaction,  if  not  counteracted  by  the  extension 
apparatus.  Sand  bags  on  either  side  of  the  limb  may  be  used  to 
advantage  instead  of  the  splint,  especially  in  impacted  cases.  Ex- 
tension and  counter-extension  is  one  of  the  oldest  methods  of  treat- 
ing fracture  of  the  hip.  The  fixation  secured  in  this  manner  is  not 
as  perfect  as  that  obtained  by  the  plaster  cast  or  by  one  of  -the  metal 
splints  to  be  described  later ;  yet  excellent  results  have  followed  its 
use.  This  method  is  particularly  serviceable  during  the  first  week 
or  ten  days  following  the  accident.  It  is  often  advisable  to  substi- 
tute some  other  form  of  fixation  (such  as  the  brace  or  cast)  after 
the  acute  inflammatory  reaction  at  the  site  of  fracture  has  subsided, 
and  the  shortening  has  been  partially  or  completely  overcome  by 
the  extension  apparatus.  During  this  initial  period  one  can  de- 
termine by  palpation,  mensuration  and  the  X-ray  the  degree  of 
reduction  which  has  been  accomplished  by  non-operative  measures 
and  the  advisability  of  resorting  to  open  treatment. 

The  Ruth-Maxwell  method  is  an  elaboration  of  the  Tibove  in  which 
lateral  traction  is  exerted  on  the  upper  end  of  the  femur  in  addition 
to  longitudinal  extension  and  counter-extension.  The  longitudinal 
traction  is  accomplished  as  already  described.  Tlie  outward  trac- 
tion on  the  upper  end  of  the  femur  is  had  by  means  of  a  sling 
passed  about  the  thigh  at  the  level  of  the  perineum,  and  then  by 
tlie  use  of  a  cord,  pulley  aiul  weight;  outward  and  forward  traction 
is  exerted,  as  shown  in  Fig.  612.  Counter-extension  for  this  lateral 
traction  is  obtained  by  raising  the  same  side  of  the  bed  a  few 
inches.  In  unimpaetcd  eases  the  lateral  traction  may  be  made  to 
overcome  the  baekwjird  displacement  of  the  upper  end  of  the  lower 
fragment.  E version  of  the  lower  extremity  cjui  be  corrected  by 
placing  most  of  tlie  pull  on  the  ])osterior  arm  of  the  sling  about 
the  thigh.  When  used  in  this  way  the  sling  should  be  prevented 
from  slipping  about  the  thigh  by  securing  it  to  the  skin  with  ad- 
hesive. A  number  of  ndvantages  are  elainuHl  for  this  method: 
firstly,  that  the  n(»ek  is  maintained  at  a  more  n(»arly  normal  angle 
during  the  process  of  repair,  secondly,  that  the  patient  may  be 
raised  to  the  sitting  position  without  disturbing  the  fragments,  and 
thirdly,  that  the  use  of  the  bed-pan  is  greatly  facilitated. 
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Th«»  Hdvisal)ility  of  tMiiployinjc  this  method  is  best  deterininod  in 
a  pivrn  c*ast\  by  asiM'rtainiiij?  tlie  degree  of  reduction  which  it  ac- 
eoniplishes  as  shown  by  palpation,  mensuration  and  the  X-ray.  If 
in  an  unimpaete<l  ease  tlie  apposition  is  improved  by  lateral  trac- 
tion, this  method  is  indieated. 

The  phister  east  lias  been  used  with  eonsiderable  satisfaction  and 
may  ]>e  varied  to  me(»t  the  needs  of  the  ease.  It  may  be  employed 
in  a  number  of  ways;  tlie  followinf?  three  types  of  cast  will  be  found 
tht»  most  important. 

The  straiMfht  east   is  most  often  employed   in   middle   a|ired  pa- 


Kii;.    til  J       Dui'^raiii    ilhistratiinr    the    priiirinlrs    finplini'd    in    tlu»    trmtmont    of    frar- 
tnrr,  iif  till-   fi'iiiora]    m-rk   ticcnnliiii;  to  tho   Uiith  MnvwHl  tiiiMhiMl. 

V\i:    t,\.\.      Shows  ihf  privpiT  distribtition  of  >an(l  1»hi;k  to  Hti-iidy  the  lowor  extremity 

>vli«Mi   llu-  hip    is   fiartuii-tl 


tirnt.s;  in  old  and  r«cbh»  persons  the  cast  is  «]>plied  w-ith  tin*  knee 
an<l  hip  flexed  to  aliont  ri^ht  angles  sn  tliat  the  patient  may  \\e 
raised  to  the  sittinir  position  during;  the  (biy;  and  in  ehildren  it 
!nay  h««  applied  with  tln'  thiirli  in  extreme  abtluetion  aeeordiuir  to 
tile  priiieipli'S  hii<i  down  by  Whitman. 

The  stniiffhf  rnst  shouM  <*xteiid  from  the  waist  to  the  toes  and 
be  pn»perly  lined  with  sheet  cotton  or  some  other  material,  to  avoid 
irritation  of  the  skin.  It*  a  union  suit  of  soTt,  ribbed  nmterial  is 
j)ut  on  before  tlie  east  is  applied  we  will  have  a  very  satisfaetory 
form  of  lining.  After  the  plaster  has  set  and  <lried,  the  portion 
of  the  union  suit   not  eovt^vd  bv  the  east   mav  be  eut  awav.     A 
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sfoniaHi  pad  sliould  be  plaeed  hrtwrt*!!  Ihe  east  and  the  abdomen 
the  same  as  emjdoyed  with  east«  of  tlie  trunk.  Speeial  reenforee- 
ineiits  of  plasler-soaked  giuize,  tin^  or  cypreH,«i  wood  shoubl  be  n.sed 
at  tbt'  ^Toin  and  brhinil  the  knee  where  the  east  most  fre(pi*^ntly 
breaks.  These  reenfoi-eerneiits  are  he^it  phiced  between  tlie  ditiVrent 
hiyers  of  the  plaster  bandages  as  the  east  is  being  applied.  The 
knee  shonld  he  in  a  po.sition  a  little  short  of  eomplete  extension  to 
avoid  subNe([nent  diseomfort  in  the  joint.  The  east  should  be 
licavy  enougf)  to  stand  the  strain  of  the  six  or  eight  weeks  of  use 
to  wiiieh  it  will  be  put  durinj^'  tlie  after-treatment,     Thi^  dressing 


►^tit.  (;i4^^eh<st*r  (Hhi  fnr  f^rfiitiin'  u(  [hv  li(|*  jiji^pUkd  with  llw  i\nj.h  hi  tiLdiirtif>fi. 
A  *>trti|>  ]jtiiH!iiii|£  fruiti  llm"  lK>dy  fiurtioii  uf  llif  rnFt  tiniliT  ihi"  pprini'uni  wUI  ittld  lo  tlie 
•irrtiritv  ut  tht*  fliiiitiun.  An  i_"V**ii  iijare  M'rtire  form  ut  chM  \p.  tnw  whirU  intJtidt^  bolU 
vxtremitW   iu    iibdut'tion, 


ae<'ornplisht's  tixiitiou  very  nieely  wliether  reeumbrnt  or  nnibubitory 
tn^ntmtMit  is  eni[>hiyed.  If  used  as  an  ambulatory  .sf^lint  I  be  sfioe 
of  the  opposite  foot  should  fuive  th(>  sole  built  up  as  is  eommonly 
dom-  witfi  thi^  Thoirms  si>!iot,  Thr  ambulat(u\v  hi'atmf^nt  siionb! 
nol  Ih'  alhjwi'd  in  obi  persons  unh'ss  tJie  Kurgeou  is  satisfied  that  the 
patient  h  not  tuo  feeble  to  get  about  with  crutebes  without  the  risk 
of  fnrth**r  \'h\1  and  iujnry.  Old  and  feeble  persons  do  not  stand 
eonbutruient  in  l)ed  for  a  period  suttieient  to  obtain  nnion,  on  the 
other  band  they  ar**  oftpii  unable  to  get  about  with  the  athled  en- 


^ 
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etiiiilirancr  of  n  hip  si^lint  or  I'Mst.     In  siirh  causes  the  author  ha8 
ecuiisideralik!  siitisraL'tioa  with  the  following  orig-iual  method* 

The  cast  is  a  implied  with  the  kip  and  the  knee  flexed  ai  about  right 
angles.  In  otli*n'  words  the  injured  member  Is  eiieasc^d  in  pUistt^r 
in  the  attitude  noniuilly  assurued  when  th*:^  patient  is  seated.  With 
the  lower  extremity  iu  this  positiou  the  patient  can  eomfortably 
oeeupy  an  easy  ehair  daring  the  day  and  still  rest  well  hi  bed  at 
night  with  tfie  tiexed  lowt*r  extremity  ]>roperly  bolstered.  If  a 
]\lorris  ehair  is  i-riiployed  in  thu  t refitment,  thi*  movable  back  may 
he  raist'd  during  tin*  Any  and  the  foot  of  the  injured  member  projv 
erly  sup|iorted  on  a  foot  stool  or  pillows.     When  uight  eomes  ttu' 


\g.  iilfj, — €aftt  of  lowtr  i-xireunty  imJ  tnitik  npiditd  witli  the  rhieh  und  lei 
to  right  Angles.  This  form  of  msi  i>  nf  trnitt  arlvuirlaj^e  whi^n  lh«  hip  it  frac 
in   e1«l(»rly   i^erNuns    who   am   unable   tn    hiutul    the    rfcutiilwiit    position.      Dtiriug  tliP 


fig.   iilfj, 
fleJted 

tured    in   e1«t(»rly   i^ersui 


day  Ih©  tjiitiom  may   b*  pluted    iii   the  isitttne   poisitjoti   while  nt   night   I 
b*ck  with  the  injured  member  pruperlj^  bolstvrtsd.      (Se«  text,) 


iitiiv   lio  on  hi' 


back  of  the  ehair  ean  be  lowered  .so  that  the  patient  resumeis  the 
dorsal  recumbent  i>usitiou,  wbile  the  injured  leg  is  raised  and  sup- 
ported  by  pillows,  sand  bags  or  some  other  arrangement.  (See 
Fig.  615,)  In  this  way  he  may  enjoy  good  rest  at  night  and  still 
be  in  the  sitting  position  during  the  day,  thus  avoiding  the  develop- 
ment of  hypostalie  pneumonia.  If  traction  is  made  at  the  knee 
wiiile  the  plaster  i.s  setting  a  fair  degree  of  extension  and  counter- 
extension  may  be  had  during  the  after4reatment.  This  is  made 
possible  by  the  position  of  the  leg  whieh  is  at  right  angles  with 
the  thiglL 

The  phfjiffr  casi  man  he  rmphujed  trith  the  fhigh  in  extreme  ah- 
duttion  as  praviutd  by    Whit  man.     This  method   is  particularly 
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applicable  in  children  and  is  based  on  sound  mechanical  and  ana- 
tomical principles.  By  abducting  the  thigh  the  lower  portion  of 
the  capsular  ligament  is  made  tense  and  the  fractured  surfaces  (if 
engaged  at  all)  are  thus  forced  firmly  together.  This  position  is 
maintained  by  means  of  a  plaster  of  Paris  spica  of  the  thigh.  In 
selected  cases  this  method  will  be  productive  of  excellent  results 
and  deserves  a  more  extended  trial  in  adults. 

It  should  never  be  taken  for  granted,  in  a  given  case,  that  good 
reduction  has  been  accomplished  because  the  thigh  has  been  ab- 
ducted and  fixed  in  this  attitude.  The  position  of  the  fragments 
should  be  verified  by  the  X-ray. 

The  reason  that  this  method  has  met  with  such  success  in  chil- 
dren is  due  firstly,  to  the  fact  that  fractures  of  the  femoral  neck 
at  this  period  of  life  are  seldom  complete,  and  secondly,  that  ab- 
duction with  the  fractured  surfaces  opposed  and  firmly  engaged 
tends  to  prevent  the  subsequent  lessening  of  the  angle  at  which 
the  neck  joins  the  shaft.  In  other  words,  it  prevents  coxa  vara. 
If  the  fractured  surfaces  are  not  engaged  this  method  is  valueless. 

The  Thomas  hip  splint  has  been  used  with  considerable  success 
by  some  surgeons.  The  main  drawback  to  this  splint,  and  others 
employing  the  same  materials  and  principles,  consists  in  the  cost 
and  the  difficulty  of  obtaining  the  services  of  some  one  competent 
to  properly  make  and  fit  it  to  the  patient  at  the  time  it  is  needed. 
The  surgeon  is  not,  as  a  rule,  e<iuipped  for  this  work  which  should 
be  done  by  an  experi(»n(M»d  blacksmith  and  lent  her- worker.  In 
most  of  the  larger  cities  there  are  makers  of  surgical  instruments 
and  orthopedic  appliances  who  are  thoroughly  qualified  to  produce 
and  fit  a  satisfactory  splint,  but  in  country  j>ractice  it  is  often 
difficult  to  procure  th(»  desired  apparatus  on  short  notice. 

The  splint  is  made  of  soft  iron  and  consists  of  a  main  stem  or 
bar  of  3/16  by  5/8  inch  material  which  extends  from  the  chest  to 
the  ankle  along  the  posterior  aspect  of  the  trunk  and  lower  extrem- 
ity. To  this  main  stem  is  attached  a  chest-band,  a  thigh-band  and 
a  calf-band  as  indicated  in  the  aceonipanying  diagram  (Fig.  620). 
These  bands  are  made  of  strii)s  of  soft  iron  Vs  by  one  inch,  on 
cross  section,  and  are  bent  into  position  when  the  splint  is  ai)plied. 
Different  weights  of  material  may  he  used  according  to  the  size 
and  musculature^  of  tlie  patient,  and  the  transverse  eneireling  bands 
may  be  varied  in  position  and  nninher  aeeordintr  to  the  nature  of 
the  case  and  tlie  fixation   desired.     The   main  stem  of  the  splint 
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should  follow  tlu*  tnirvi\s  of  tin*  YkhW  and  !o\\\t  extivniity,  ami  the  i 
points  of  jinicHoii  In^twreH  inaiii  stein  and  fiaiuls  shoiiid  h*^  Hush,] 
to  avoid   iiiuhiH   Inral   proHsiirr  and   irritatioii.     Thr   riitire   8pliiit| 
should    l)v  Wi^ll   |iad*h"d  iiihI   bound   with    leather  and   tin:'  anteriori 
extii/UHties  of  thf  horizoutal  baiuis  eonneetf'il  hy  strap.s  iiud  hu<*kles. 
By  rooaiiH  of  enitelies  and  a  built-up  shoe  for  the  opposite  foot  the] 
jiatieiitj  after  soiu**  [niictiee,  is  able  to  be  up  anii  about.     It  often 
reipjires  a  nuiiiljer  of  trials   bt*fore   he   beeomes  sulTficiently   sure* 
footed  under  these  awkward  eireumstanees,  aud  the  surgeou  should 
8ee  tliat  he  is  | properly  attended  to  jnweut  falling; 

When  ainlnilatory  treat uient  is  indieated,  a.s  \h  the  ease  ill  old 
per.-ious  from  tin*  tirst,  and  in  younger  patients  during  the  second 
half  of  the  after4reatnnrnt,  the  Thomas  splint  has  ser%'ed  well.  If, 
extension  is  required  it  may  be  had  by  means  of  adhesive  strips 
applied  in  a  nmnner  similar  to  that  shown  in  the  use  of  Buck'aj 
extension  (see  pa^e  54^).  Tin*  lower  ends  of  the  longitudinal 
strifiH  of  adhesive  are  seenred,  mnler  tension,  to  the  calf  baiid^  of 
the  splint. 


Fig.   e\lli. — Aulhur'H    turfw    pljiie«    for    internal    flxnti^tn    uf    fnutiirifB    of    Uie    f«*inuTftl  , 

The  ambulatory  pnenniafic  s|jlint.  as  shown  in  Fipr*  621,  with 
the  hip  attaehnieut,  has  the  advantage  of  being  adjustalile,  so  that 
it  eau  be  used  on  different  eases,  and  is  so  eonstructed  that  it  may 
he  used  for  either  hip.  h^xtnision  is  also  proviib^l  for  wlu'U  needed 
(see  Fit:.  71  li). 

Operative  Treatment. — The  opeu  method  is  in<lieated  in  non- 
iui[meted  eases  in  wfiieh  the  fra^nu*nts  eannot  otherwise  be  brought  j 
l>aek  into  satisfaetory  apposition.  Nailing  and  pegging  the  neek 
in  phiee  have  been  jtraetieetl  for  some  years  past  but,  because  of 
the  internal  strueture  of  the  upper  end  of  the  femur,  the  end  re- 
sults have  not  been  as  eneouraging  as  might  be  desired.  The 
ea  nee  I  Ions  tissue,  through  w  bi<di  the  serew  passes,  erushes  so  readily 
that  disjilaeernent  following  the  operation  is  prone  to  oeeur.     The 
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manner  in  which  this  takes  place  is  indicated  in  Fig.  618.  To 
avoid  this  result  two  screws  or  nails,  placed  at  different  angles  have 
been  used  but  the  results  following  this  method  have  been  almost 
as  uniformly  inefficient  as  when  a  single  screw  is  employed.  A 
much  more  satisfactory  method  is  that  devised  by  the  author  in 


Fijc.  617. — Diagram  of  fomur  Khowin?  the  comniim  sitt*8  of  frurture  of  the  femoral 
neck.      {Surg.,  Gynecol,  and  ObtUvt..  Feb.   1914.) 

Fitc.  613. — Diagram  showiiiK  the  Diniincr  in  which  the  oAncelluus  tissue  cruHheii  when 
the  neck  in  subjected  to  the  displacing  action  of  the  thi^h  and  hip  luuKcles.  following 
operation  with  a  niniplc;  Kcrew  or  nail.      (Sury..  (iynrrot.  atid  (fbntrt.,  Feb.,    1914.) 

Fig,  610. — Diagram  Khowing  the  author's  screw-jdate  in  iionition.  Angulation  of 
tho  wrew  portion  in  prevented  by  the  plate  portion  which  wcures  a  firm  hold  on  the  only 
available  compact  tisHUC  in  this  region.      {Surg.,  dynecnl.  and  Qhiitit.,  Feb..    1914.) 

which  a  modified  Lane  plate  is  CMuploytMl,  as  shown  in  Fig.  619. 
15y  means  of  this  screw-plate  the  compact  tissue  below  the  great 
trochanter  is  utilized  to  i)revent  the  inner  end  of  the  screw  portion 
of  the  appliance  from  being  displaced  downward.  The  head  of  the 
bone  is  thus  hung  on  the  end  of  the  screw  portion  much  as  a  hat 
is  hung  on  a  peg,  the  plate  securing  its  hold  on  compact  tissue. 
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Before  drilling  through  the  trochanter  the  surgeon  should  make 
sure  of  the  proper  alignment  of  the  head  and  neck.  This  can 
usually  be  aeeomplished  by  dull  dissection  along  the  neck  outside 
the  capsule.  Following  operation,  external  fixation  apparatus 
should  be  employed  to  relieve  the  bone  of  as  much  strain  as  pos- 
sible. Simple  extension  and  counter-extension  with  the  long  side 
splint  may  be  used,  or  the  plaster  cast  applied.  The  cast  is,  as  a 
rule,  preferable  following  operation  on  the  hip  or  thigh  and  should 
be  applied  before  the  patient  comes  out  of  the  anesthetic.  Within 
forty-eight  hours  of  the  operation  a  window  should  be  cut  through 
the  plaster  to  expose  the  region  of  incision.  In  operating  on  the 
neck  of  the  femur  the  parts  may  be  exposed  by  a  vertical  incision 
over  the  trochanter  or  an  incision  of  the  U-type  may  be  employed. 

The  best  time  for  operation  is  at  the  end  of  a  week  or  ten  days 
following  the  accident.  When  the  open  method  is  selected  early 
in  the  condition  because  it  offers  better  reduction  and  apposition 
of  the  fractured  surfaces  the  results  are  usually  satisfactory. 
When,  however,  operation  is  performed  as  a  last  resort  when  other 
methods  have  resulted  in  non-union  or  deformity  the  results  are 
not  nearly  as  good.  In  operating  for  non-union  the  fibrous  tissue 
must  be  cut  away  and  the  fractured  surfaces  freshened  and  secured 
in  apposition,  preferably  by  the  screw-plate  just  described.  This 
procedure  necessarily  results  in  some  loss  of  tissue  and  shortening 
of  the  neck.  If  the  fracture  is  through  the  inner  end  of  the  neck 
and  the  head  is  comminuted,  it  may  be  advisable  to  remove  the 
fragments,  round  off  the  end  of  the  femoral  neck  and  rely  on  the 
formation  of  a  new  articular  surface.  Remarkably  good  results 
have  followed  resection  of  the  femoral  head.  Murphy  has  demon- 
strated the  possibility  of  making  a  new  femoral  head  and  articular 
surface  from  a  transplanted  portion  of  the  great  trochanter,  and 
of  reestablishing  the  function  of  the  joint  following  ankylosis. 
These  operations,  however,  are  rarely  called  for  as  a  result  of  frac- 
ture of  the  femoral  neck.  Operative  intervention  offers  little  in 
the  aged  and  is  seldom  called  for  in  children.  It  offers  most  in 
the  healthy  adult,  and  is  indicated  in  cases  in  which  good  reduction 
cannot  otherwise  be  obtained,  and  in  instances  in  which  deformity 
or  non-union  with  considerable  loss  of  function  has  followed  non- 
oi)erative  methods. 

After-Treatment. — The  fact  that  the  fragments  have  been  placed 
in  good  apposition  does  not  necessarily  mean  that  they  wall  remain 
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so  and  it  slioiild  be  the  surgeon's  grefitest  ear<^  during  the  after- 
tivatjrjeut  tu  see  that  the  ftxatioii  apparatus  employed  in  pnjperly 
perforruingr  its  funetiou.  Numerous  adjustiueiits  will  be  Deeded 
during  the  proeess  of  repair,  A  weight  of  lifteeii  oi^  twenty  pounds 
nuiy  fje  necessary  duririg  the  tir«t  few  flay*^  but  at  the  i^nd  of  a 
w^eek  it  may  be  eutirely  too  imieh.  If  the  patient  is  eonfined  to 
bed  tfu*  hack  ami  heels  sliouhl  he  watehed  tor  signs  of  skiu  irrita- 
tion, ami  aliouhl  they  devehip  special  eure  ituist  be  taken  to  keep 
the  parts  dry  and  relieved  of  pressure.  The  sheets  should  be  clean, 
smootJi  and  free  from  wrinkles  and  the  patient  should  be  frequently 


Fig.   620. — Diii^ritmK   ilkiHtrnliii^  ihe  p ritual* I i-h  of  ihc  !jiniu;1f*  und  iloubli'  ThmuuH  hip 
■plint 

Sponged  and  rubbed  with  aleobol  e8t>eeially  in  regions  subjected  to 
pressure.  If  a  metal  splint  or  cast  is  used  the  points  of  pressure 
should  he  similarly  watehed  ami  treated  if  irritation  devtdops.  If 
the  eawt  is  eini)loyed  it  laay  he  necessary  to  cut  a  window  in  it,  if 
the  patient  complains  of  persistent  cutaneous  pain  in  a  given  region. 
Thi*  duration  of  the  after-treatment  depends  on  the  progress  of 
repair  at  the  .seat  of  fraetun\  It  may  Ih*  impossible  to  sH'ure  bouy 
union  in  the  aged  and  iixation  may,  in  hot  at*  i-ases,  be  prolonged 
indefinitely  without  result.  In  this  typr*  of  ease  it  is  better  to  get 
the  patient  up  and  aliout  after  sufficient  time  has  elapsed  to  give 
the  fragments  a  fair  chance  to  unite.     Function  will,  of  course,  be 
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imperfect  Imt  the  patient  will  be  better  off  tbaD  if  a  prolonged,] 
futile  immobilization  is  ean"i*'il  out.     Tlie  okler  the  patient  the  lesiJ 
the  probability  of  bony  union  and  the  slower  it  idll  be  in  forraingJ 
if  it  does  occur.     In  a  nriddle  aged  pi-rson  union  should  be  well 
advanced  at  the  end  of  eight  or  ten  weeks  but  no  weiglit  should  be  I 


Fitf.   621.— "The    AiuliuUlory    i'neurdulic    Splinl"    with    hip    ftiUclimenU 

borne  on  the  injured  member  inside  of  thrive  mouths*  During  the 
first  eight  weeks  the  )iip  should  be  immobiliz(*d,  nfter  this  period 
gentle  passive  motion  is  advisable  up  to  the  third  month,  though 
all  strain  should  be  guarded  aji:ain.st.  Because  of  the  varying 
rapidity  in  the  process  of  repair  seen  at  diflferent  ages  and  the 
different  types  of  fracture  eiicouatered,  no  liard  and  fast  rule  can 
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be  laid  down  regarding  the  length  of  fixation.  The  most  reliable 
information  concerning  the  progress  of  union  is  to  be  obtained 
through  the  X-ray.  Rontgenograms  taken  at  the  end  of,  say,  eight, 
ten,  and  twelve  weeks  will  show  the  condition  of  the  fragments 
and  the  progress  of  repair,  and  will  constitute  the  very  best  guide 
in  the  resumption  of  function.  The  patient's  comfort  during  the 
after-treatment  deserves  much  consideration,  especially  in  elderly 
persons.  The  surroundings  should  be  as  bright  and  cheerful  as 
possible.  His  friends  should  visit  him  frequently  but  should  not 
be  encouraged  to  stay  long  enough  to  weary  him. 

Prognosis. — Fracture  of  the  neck  of  the  femur  is  a  serious  injury 
even  under  the  most  favorable  circumstances.  In  the  aged  it  is 
particularly  dangerous  because  of  the  low  vitality  of  the  patient. 
They  not  infrequently  suffer  greatly  from  shock  and  confinement 
and  are  subject  to  complications  which,  in  their  asthenic  state,  may 
produce  death.  Bony  union  has  for  years  been  considered  as  de- 
pendent on  whether  or  not  the  fracture  was  within  the  joint  cavity. 
The  correct  conditions,  however,  are  probably  whether  or  not  the 
fractured  surfaces  are  in  firm  apposition. 

Under  proper  treatment  union  is  to  be  expected  in  a  healthy 
adult  but  in  the  aged  it  may  or  may  not  be  obtained  regardless  of 
the  treatment  followed.  Fibrous  union  means  some  impairment  of 
function,  yet  a  surprisingly  useful  hip  may  result  even  when  there 
has  been  failure  in  bony  union  and  some  deformity  exists. 

The  surgeon  should  never,  even  under  seemingly  favorable  cir- 
cumstances, promise  bony  union. 

Injuries  to  the  Femoral  Neck  in  Children. — The  epiphysis  of 
the  head  joins  the  neck  at  about  the  eighteenth  year,  and  the  bony 
tissue  of  the  neck  is  toujrher  and  less  brittle  than  in  adult  or  ad- 
vanced life.  These  anatomical  variations  account  for  the  clinical 
picture  aceoni])anyiii^  injury  of  the  femoral  neck  in  childhood.  A 
green-stick  fracture  of  the  neck  of  the  femur  or  an  epiphyseal  sepa- 
ration of  the  head  of  the  bone  (incomplete  as  it  usually  is)  is 
pathologically  and  mechanically  quite  different  from  fracture  of 
the  femoral  neck  as  seen  in  the  adult  or  the  patient  advanced  in 
years.  Accordingly  the  symptoms  and  course  of  the  case  are  dif- 
ferent. In  an  incomplete  fra(*ture  of  the  femoral  neck  the  head  of 
the  bone  is  dei)ressed  nnd  the  n(»ek  ai)proaches  more  nearly  a  right 
angle.  This  change  in  the  angle*  of  the  neck  increases  the  strain 
on  it  and  further  bending  of  the  neck  follows  unless  all  weight- 
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\ft^rinit,  jar  and  ^Irain  aiv  ivmovfd.  In  "Ktarting"  of  the  ep- 
iphvHUi  th^'  f»atholog>'  is  w>m«^what  different,  thouefa  the  result  is 
firarrtifally  Xhf  Kain^.  When  the  epiphysis  is  "'started*'  it  is  dis- 
IflHi'j'il  dowiiwani,  and  the  frar'tured  surface  Is  only  partially  eon- 
tairte#!  with  the  •'iirl  of  the  diaphysis.  This  downward  displaeement 
of  thr'  head  is  ciitiivalent  to  a  downward  bending  of  the  neck  seen  in 
f^H'U'Hi'u'k  frarrtun'S  of  the  necrk,  and  if  the  patient  continues  to  use 
th<*  fiir'rnJKT  the  result  will  l)e  the  same;  namely  coxa  vara.  Either 
of  thf^'  injuries  usually  follows  severe  trauma  and  after  being  con- 
fined for  a  sliort  time  in  bed  the  patient  Is  up  and  about  although 
limjiin^.  The  limp  is  thought  little  of  at  first,  hut  when  this 
symptom  inereaws  instead  of  improving  the  surgeon's  advice  is 
sought.     In   some    instances   apf>arent    immediate    recovers'    takes 


Vig.  622. — Diafn'MoiH  to  illuHtrate  the  development  of  coxa  rara  in  a  ehild  (oHowinc 
an  injury  to  the  hip  in  which  the  epiphyniii  in  "utarted."  A.,  normal  hip  in  child  about 
four  yearh  old  H.,  itame  afti'r  injurv  whirh  han  Martt^  the  epiphyain  of  the  head  and 
allowK  thi*  trochnntt-r  to  he  diKplart'd  upward.  <'..  change  in  angle  of  neck  resulting 
from  th«'  aMtiiI  ])0*iition  of  the  head.  D.,  further  changtr  in  the  angle  of  the  neck  and 
raihiiig  of  thf  tnx'hantfr.  which  reHult  from  the  increaKcd  Ntrain  on  the  neck  of  the 
femur  hk  it  Mpi>roHch*-*  the  right  angle.  The  elovation  of  the  trochanter  limit*  abduction 
by  mi'chani<>Hl  interf'-rence  Itetween  the  trochanter  and  the  rim  of  the  acetabulum. 
(After   Whitman.) 

\t\i\ri\  and  months  or  even  years  later  coxa  vara  develops  with  pro- 
gressive handing  of  the  ftMiioral  ne<'k  and  corresponding  impairment 
of  funetion.  The  immetliate  symptoms  an»  slight,  as  a  rule,  ami  the 
eondition  may  go  unreeognized  by  the  surgeon  as  well  as  the  family. 
The  a|)|)arent  insignilieanee  of  the  initial  injury  and  the  disastrous 
late  eonse(|ueiices  point  out  the  nee<»ssity  of  the  most  careful  ex- 
amination followintr  injuries  of  the  hip  in  children.  If  the  lower 
extremities  an*  ean^fully  m<»asured  it  will  usually  be  found  that  the 
injured  member  is  from  one*  half  to  one  ineh  shorter  than  its  fellow, 
and  there  inay  be  slight  eversion  of  the  thigh.  The  X-ray  should  be 
em|)loyed  when  there  is  a  history  of  injury  to  th<»  hip,  even  if  only 
for  the  pur|)OS(»  of  (»xehision. 

If  the  east*  is  seen  soon  aft(»r  th(»  initial  injury  it  should  be  treated 
by  rest  in  In'd  with  Buck's  extension  applied  and  sand  bags  about  the 
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injured  member,  or  the  long  side  splint  employed.  If  deformity 
exists  after  the  acute  traumatic  stage  has  passed  the  plaster  cast 
should  he  employed  with  the  lower  extremity  in  abduction  accord- 
ing to  the  principles  laid  down  by  Whitman.  (See  Fig.  614.)  At 
the  end  of  a  month  this  dressing  may  be  replaced  by  an  ambulator^' 
hip  splint  with  traction  which  is  to  be  worn  for  a  number  of  months, 
until  union  is  solid  and  the  danger  of  coxa  vara  passed.  After  this 
splint  is  removed  the  hip  should  be  frequently  examined  by  the 
X-ray  to  determine  whether  the  strain  incurred  by  use  of  the  mem- 
ber is  causing  any  change  in  the  angle  of  the  neck.  If  such  is 
found  to  be  the  case  the  splint  should  be  resumed  with  increased 
traction.  If  the  case  is  seen  only  after  the  development  of  the 
secondary  si'mptoms  and  coxa  vara  is  present  the  traction  am- 
bulatory splint  should  be  employed  and  worn  for  a  number  of 
months.  If  the  deformity  and  disturbance  in  function  are  pro- 
nounced it  is  well  to  consider  the  advisability  of  an  osteotomy  to 
restore  the  angle  of  the  neck. 


CIIAPTKR  XXXVIll. 

KHACTrUKS  OF  THK  FKMORAL  SHAFT. 

Surgical  Anatomy.— T}ir  shaft  of  the  femur  consists  of  a  tabe 
of  heavy  compart  tisNiie  which  is  capabh?  of  withstanding  greater 
strain  tlian  the  shafts  of  other  lonj^  ))ones.  The  diameter  of  the 
sliaft  fjrrows  hirL'er  and  the  e()m]>aet.  tiKsiie  thinner  as  the  extremi- 
ties are  approaelied.  Ossification  spreads  from  a  single  center 
which  makes  its  appearance  about  the  K<^venth  week  of  foetal  life. 
The  shaft  is  slij^htly  curved  with  the  coneavity  backward.  The 
linea  aspera  serves  to  strengthen  tlie  concave  posterior  aspect  and 
afTords  attachment  to  the  adductor  musch'S.  In  the  upper  third  of 
the  shaft,  this  line  divi<les  into  thret^  ridges,  while  in  the  lower 
third  of  the  hone  it  bifurcates  to  form  the  supracondylar  ridges. 
The  fem<»ral  vessels  cross  the  internal  supra<*ondylar  ridge  under  a 
fibrous  arch  in  the  adductor  nui^nus  and  become  the  popliteal  ves- 
w*ls.  From  t!i(»  \unui  where  the  artery  pif>rces  the  adductor  mag- 
nus  to  the  knee  joint,  it.  lies  in  ch)se  relation  to  the  posterior  surface 
of  the  bone,  and  in  fractures  of  this  re^rion  the  vessel  may  be 
injured  by  a  <lisphiced  fragment.  The  nerv<»  and  vein  lie  more 
superficially  in  the  j)oplitcal  space  and  an*  less  subject  to  injury 
from  the  bone,  than  is  the  artery.  The  jrreater  part  of  the  thre<? 
surfaces  of  file  femoral  shaft  are  taken  uj)  by  the  attachments  of 
the  threr  vjKst i  muscles  which,  tojrether  with  the  rectus,  make  up 
the  (juadrii-eps  rxteiisor.  Fracture  of  the  shaft  of  the  femur  is 
usually  atl«'nded  by  jrreat  shortening,  which  results  from  the  con- 
traction of  the  j)owrrfnl  thij^li  nuiscles.  Tlu^  nuinner  in  which  the 
frajrmeiits  override  will  depmd  largely  on  the  direction  and  nature 
of  the  break,  hi  fractures  of  the  upper  third  of  the  shaft,  it  is 
common  to  ser  the  upper  fraj^tneiit,  displaced  outward  or  outward 
and  foi'ward.  wliib*  the  lower  fi'a^ment  is  drawn  upward  by  the 
thi^li  musclrs  and  displaced  inward  by  the  action  of  the  adductor 
^rroup.  Outwar-d  rotation  of  the  upper  frajrment  not  infrequently 
results  fi'om  the  pull  of  the  ilio  psoas.  A  transverse  fracture  with 
the  serrated  surfaces  en«^M«red  will,  of  course,  allow  only  of  angular 
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prmify  as  long  as  the  fractinvd  snrfaees  reirunn  loeked,  but  this 
lirion  is  rare,     Fra<*ture8  in  tln^  Irnvt*?'  tliinl  of  tin?  shaft  are 


Fig,    &2 


Fig.    U2I, 


Pifi,  623  and  624. — Antprior  ami  pu!<terior  uttrfarm  of  the*  rinht  femur  with  ni- 
inched  muftcles.  Oh.  it  0.,  Obturator  hilt^rnuK  nnd  Kpmplli;  /'..  Pyrifonnli;  G.Min.^ 
OluteUB  minimuK;  VH„  Va^tun  «*JH<»fnus:  HMftt..  (tluleiii*  ini'rlins;  Q.F',,  Quadr<ttn« 
femorU;  P*.,  Psoai ,  Fe.,  Pectinvus;  /.,  Hiacnh;  AJi..  Atiduclor  hrevis;  AM,,  Adductor 
tnARTiai;  VJ,,  Vmstus  InlcrnuD;  4X.,  Addufttjr  htrij^uK;  r,,  Owrcus  or  VaatUA  ialor- 
meaius;  Bir.,  Bicrps;  S,C.,  Subcrureurt;  O.,  Gn^troiMleul1Ui.   PL,  Plimlari*, 

I  often  aecotapaniod  by  u  luu-kward  diKpla^'mimt  of  the  lower  frag- 

'  nient  iiH  a  result  of  the  aetion  of  the  gastroeiieniiiis,  the  two  heads 

of  which  are  attached  just  above  the   condyles  on  the  posterior 
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aspect  of  th(*  boiip.  Th(»  powerful  ii(*tion  of  the  thigh  muscles 
usually  results  in  proiiouiiC(»(l  deforniity  and  their  bulk  renders 
palpation  difHcult. 

Etiology.  -Fra(*tu res  of  the  femoral  shaft  constitute  less  than 
thrtM*  pen*ent  of  all  fraetures.  Approximately  one-fifth  of  the 
fraetunvs  of  the  fniioral  shaft  oeeur  in  the  upper  third  (not  in- 
eludinf?  tin*  femoral  neek),  three-lift hs  orcur  in  the  middle  third 


Fie.    ♦._'.'..      TraiisM  r>.'  frartui*-  of  thi-  shaft  of  tho  ffinur  with  ovfrridinif  and  anKular 
<l»'forMiit\. 

of  the  l)()!H*,  while  onc-lii'th  is  seen  in  Ihe  lower  end.  Fracture  of 
the  feni()?-al  shaft  is  the  result  of  violenee,  direet  and  indirect  and 
of  rnusciihir  action,  althou^di  the  lattei*  cause  is  probably  never 
responsible  for  fracture  in  a  healthy  bone*.  Twisting  strains  fre- 
(luently  pi'oduee  the  spit-al  or  obliipie  fracture  so  commonly  seen 
in  the  upper  and  middle  thirds  of  the  shaft,  while  direet  violence 
more  often  results  in  transverse  fracture  of  the  lower  third.     All 
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types  of   fnK'turc%   hovvrvor,  may   he  srvn   m   nny    portion  of  the 
shaft. 

Symptoms. —  Iinnirdiat<^  lujil  total  lr»ss  o(  fniirtioii  is  soon  fal- 
lowinfi"  till'  art'iilpiit^  exri^jit  in  t\\v  gnn-n-stiek  type  occurrinir  in 
eViiklivn.  I'ain  m  usually  pronouni*etl  and  tlu-  deformity  is  nhar- 
aeteristic-     Tlie  Vnnh  below   tlie  hreak   is  rolled,  eitiier  ioward  or 


Fig,  li2*i. — Frnriurp  ni  rishl  fejnur  iihout  twenty  nvinuU-.s  afliT  injury.  Fra*nurc 
Mhuse>d  by  pntu^nl  falling  from  first  (1«or  firt»  es^'ntm  tci  lli<»  sidfwxilk*  Vmbncf  triiiiH- 
tni(t€<l  throMKb  font  and  leg,  N«te  ibf  Mhort«*tini((  of  (he  liiub,  tJu'  rvcraion  of  \hv  fool 
Mud  knnt^  atid  tbi*  twiRtin^  of  the  musrlcK  nf  thro  thi^h. 


outward  (nsiuilly  tlie  Iiitlcr),  and  flie  liel[)leMsness  of  the  eoiidition 
18  typieaL  There  is  often  eonsidendjle  swellinij  at  the  site  of  frae- 
ture  and  in  addition  the  thi^jrh  is  aetiuilly  thiekened  as  a  resnlt  of 
the  overritfin^?  fni^iueiits  and  short eru-d  nniseles.  The  thitrh  is 
shortened  aeeordin^  to  the  (ilstanei-  tfu*  fragiaent,H  have  overridden. 
The  decrease  iii  the  length  of  the  thigh  can,  as  a  rule,  be  recognized 
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without  ih(^  Hid  of  the  steel  tape.  Pain  is  ^oally  increased  on 
manipulation.  Abnormal  mobility  ean  usually  be  recognized  as 
soon  as  the  lower  extremity  is  grasped  and  moved.  Crepitus  may 
be  elieited  if  the  fnietiired  sarfaees  are  in  contaet.  The  symptoms 
are,  as  a  rule,  pronouueed  and  the  shoek  eonsiderabJe.  Spasm  of 
the  thigh  muscles  is  present  and  the  resulting  shortening  usually 


Fig.  62H. — -Fraiturt*  ^jf  leti  ri^tiiiir  nljunt  oni?  hour  folio win^  injiirv.  Ijow^r  «id  of 
upper  fragmftnl  proihirf*  tli**  piominfnt'i*  on  the  imtPr  sihiiot-t  of  the  CtkHfh  as  indicat«Ml 
by  the  arrow.  PulUMit  flm^^uiui^h  tJiiE  poKition  us  a  miiltor  of  cUoleo.  Lr-^;  murh  utiort 
oned  though  Ihis  li*  difficuU   In   tlL'terrntiK?   iu   the  pictiiri^'  a*  i\iv  opposite  tbipfli   is  flexed. 


Fig.  G29. — Frxn.*tnrfi;  of  the"  shaft  of  the  fi»nnir  at  pfMBt  indicat«'d  by  »rrow.  Pro 
noum'cd  shortfltjiniB  with  thickeniitit;  of  Ihiith  at  jwitt  of  fr«rtiire  Ah  n  rrwiilt  of  rtv^r' 
riditiir  of  fragments.  Coinpl**le  pv^rsion  Mow  break,  Flail^ike  condition  rtHco^ixed 
M-hon  the  limb  i»  mAnipnktf'd.  Upper  frngfment  disptMCed  Hntcriorly,  Photogrnjih  taken 
within   tw(!nt7   minntoK  of  Injury. 


iuereases  during  the  first  twenty-four  or  forty-eight  hours,  uidess 
special  preventive  measures  are  employed  in  the  treatment. 
Green-stick  fracture  sometimes  occurs  in  children.  In  the  pres- 
ence of  this  condition  the  symptoms  will  be  less  pronounced,  bowing 
of  the  femur  will  usmdly  be  apparent  and  lateral  pressure  on  the 
tliigb,  in  the  direction  of  the  bowing:,  will  show^  an  increased  spring 
in  the  bone  as  com] tared  with  the  uninjured  femur. 

Diagnosis. — There  is  seldom  any  difficulty  in  recognizing  fracture 
of  the  femoral  shaft.  The  deformity,  shortening,  loss  of  function, 
abnormal  mobility  and  ere[iitus  render  the  diagnosis  easy.  The 
exact  nature  and  position  of  the  fracture,  however,  can  only  be 
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learned  by  means  of  the  X-ray  or  during  operation  when  the  frag- 
ments are  exposed.  Even  under  anesthesia,  palpation  and  manip- 
ulation afford  only  an  imperfect  knowledge  of  the  nature  of  the 
fracture.  Fracture  of  the  upper  end  of  the  femoral  shaft  might 
be  confounded  with  fracture  of  the  femoral  neck,  fracture  of  the 
rim  of  the  acetabulum  or  fracture  of  the  pelvis.  The  unaltered 
position  of  the  great  trochanter,  its  normal  relation  with  Nelaton  's 
line  (see  page  533)  and  the  fact  that  it  fails  to  rotate  with  the  shaft, 
will  serve  to  differentiate  fracture  of  the  femoral  shaft  from  the 
conditions  just  enumerated.  Fracture  of  the  shaft  of  the  femur  in 
the  new-born  is  devoid  of  subjective  symptoms  and  must  be  recog- 
nized by  the  physical  signs. 

The  less  the  thigh  is  manipulated  the  better:  nearly  all  that  can 
be  learned  by  physical  examination  can  be  gathered  by  inspection 
alone,  if  the  surgeon  is  observant.  The  deformity,  helpless  attitude 
of  the  limb,  shortening,  etc.,  and  the  history  of  the  case  should  be 
suflScient  evidence  of  the  presence  of  fracture  and  its  approximate 
location.  Abnormal  mobility  and  crepitus  manifest  themselves 
while  the  limb  is  being  brought  back  into  alignment  incident  to  the 
application  of  Buck's  extension  and  splints. 

If  doubt  exists,  careful  measurements  of  the  two  lower  extrem- 
ities should  be  made  and  the  same  precautions  are  to  be  observed 
as  already  cited  in  fracture  of  the  neck  of  the  femur  (page  539). 
The  patient  should  lie  straight  in  bed  so  that  a  line  drawn  through 
the  two  antero-superior  iliac  spines  is  at  right  angles  to  the  median 
plane  of  the  body  and  the  lower  extremities  should  be  parallel. 
The  usual  deformity,  however,  with  the  lower  extremity  rolled  out- 
ward, the  thigh  thickened  and  shortened  and  often  angular  dis- 
placement present,  is,  as  a  rule,  too  pronounced  to  require  mensura- 
tion to  establish  a  diagnosis.  Moreover  it  will  be  most  unwise  to 
manipulate  the  thigh  to  bring  it  to  a  position  which  is  parallel  or 
symmetrical  to  its  fellow,  simply  for  the  purpose  of  mensuration 
when  the  condition  is  already  apparent  through  inspection  alone. 

Treatment. — The  treatment  of  fracture  of  the  femoral  shaft  varies 
with  the  age  and  condition  of  the  patient  and  the  nature  and 
position  of  the  fracture.  The  emergency  treatment  and  th(»  care 
of  the  case  during  the  first  week  are  practically  the  same  in  all 
instances  and  will  he  considered  first. 

The  emergency  treatment  of  these  fractures  is  of  importance 
in  transporting  the  case  from  the  scene  of  the  accident  to  the 
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hospital  or  lionu*.  Hospital  facilities  and  surrounding  are  of  the 
greatest  a<lvaiita«re  in  tlie  proper  treatment  of  fraeturt-s  of  the  thigh 
and  the  patient  shouhl  he  advistnl  of  this  faet  at  the  earliest  possible 
moment.     In  transporting  tlie  patient  the  thigh  and  leg  should  be 


Vig.  i\'MK — DitiKrain  illustrating  the  tnantii'r  in  whirh  laternl  traction  may  1>e  applied 
to  brinK  thf  frau'nients  into  ht'tti-r  poKition.  The  upplianrex  uHfd  in  the  treatment  of 
frjirtun-h  of  tlu»  ft-nioral  shaft  an*  sinular  to  those  employed  in  the  treatment  of  frar- 
tiires  of  the  upper  end   of   this  lione.       iSre   FitfH.   (iOli  to  (>1'J.) 

sui)porte<l  In*  sonu'  form  of  temporary  splint  to  prevent  further 
hu'eration  of  tlie  soft  tissues  by  the  fragments.  This  may  be  accom- 
plished by  iiu'niis  t)f  a  b<*(l  shit  or  some  other  similar  [)ieee  of  wood 


KiiT.  iVM .  .\(ljii>«t<il*li-  ii)iliii«'d  plaii<>  used  in  the  trfntni(>nt  of  certain  fracturea  of 
tht>  fiMuur.  For  other  nirlliinls  ot'  tiMn<;  thi>  thiirh  in  variotis  de^recH  of  flexion  i»ee  Figa. 
til.'i.   (i:{'j.   (iiJli.   «).*.o,   ti:,i.   <;.-,'j,   ii.-,:{,   «;:>  i   and   7(H>. 

which  is  bouml  or  sti-a|)|)e(l  to  the  lower  extremity  and  trunk  on 
the  injured  sidr.  A  l)hinkt't,  sheet  or  towels  may  be  used  to  secure 
thr  splint  ill  |)ositioii.  A  short  splint  on  the  inner  side  of  the  thigh 
will  inei-rase  tin*  srcurity  of  the  dressing.     A  satisfactory  emergency 
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splint  may  be  made  with  broomsticks  and  a  blanket.  In  moving 
the  patient  to  or  from  the  stretclier  one  person  should  confine  his 
entire  attention  to  the  injureil  member  to  prevent  motion  between 
the  fragments,  while  assistants  raise  and  move  him.     As  soon  as 


FijfH.  G32  and  633. — Showinfi;  the  method  of  treating  frufture  of  the  shaft  of  the 
femur  in  children  by  vertical  extension.  At  the  end  of  two  weeks  the  extremity  is  low- 
ered to  an  inclined  plane  and  treated  in  this  position  until  uni<»n  is  complete.  The  pa- 
tient is  secured  to  a  Hrudford  frame  by  means  of  a  band  about  the  body. 


\gt0whm>iM0nut^ttiimttiTfmiiit'^tnivimm 
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Fijf.  034. — The  Bradford  frame.  The  frame  is  made  of  pas  pipe  and  covered  with 
canvas.  It  is  usually  necessary  to  employ  some  means  of  securing  the  patient  (especially 
a  child)   to  the  frame.      (See  Fig.  r»32.) 

the  patient  is  place<l  in  bed  a  Buck's  extension  apparatus  should  be 
applied  to  control  the  s[)asm  in  the  thigh  muscles.  Coaptation 
splints  and  a  lonjr  side  or  T-splint  should  be  employed  in  prepara- 
tion for  the  first  week's  treatment,  <luring  which  time  the  traumatic 
reaction  Ls  to  take  place. 
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During  thr  fipit.  wfrnk  or  trn  days  the  usual  <^a.*Mi  of  simple  fracture 
of  t\\*t  tliigli  i.^  nvart'fl  hy  riif-aris  of  Bmrk  s  extension,  coaptatiou 
HpliritH  and  thi-  loti$;  s'ui*'.  .splint.  Burk'.s  ^.xt^nsion  and  the  long 
suit'  or  T  .'^[ilinr  Iijjv«-  ;dn*ar|y  U?»fn  dnsirribwl  under  the  treatment 
of  fnir-riirtM  of  Tilt'  tV  I  Moral  n*M.*k.  (Joaptatiou  splints  art;  short, 
Wii^ht.  s\t\ui\s  >iirrouiidinif  Th*:  thi^ii  at  the  seat  of  fracture  and  are 
ofr»*ii  iiiiMij.s«d  viirh  rhi;  idea  of  fon-ing  the  fragments  together  by 
ifieati.^  of  laTi-ral  pri*?vsiin-.  They  s**r%v  a  purpose  in  the  treatment 
of  thf?^*  ran»-s  hut  tht-ir  valii*'  has  been  >?reatly  overestimated.  They 
an*  fairly  rtlifjfiit  in  mainrainin)^  redurtion  after  it  has  been  aecom- 
plish*Mi  liiit  liavi-  litrli-  or  no  f-rl'tM-t  in  fon-iui;  dLsplaeed  fragments 
hark  into  [Hi^itinn.  If  appli»*d  too  ti^^htly  they  are  capable  of  doing 
eonjii«l»raM»-  harm  hy  inT«rfrrin^  with  tlie  rin'ulation  or  by  forcing 
th»'  iiiiiH-lr>  Hirainst  >iliarp  fra^riifiits.  Tiie  coaptation  splints  should 
he  vvfU  paiMt'd  anil  an-  best  h<'ld  in  position  by  means  of  circular 
strips  of  adlnsiv«-  pla.^ttrr. 

All  tilt*  materials  for  th«*  application  of  Buck's  extension,  together 
with  the  ?iiilf  splint  and  roaptation  splints  should  be  at  hand  and 
ready  for  iis«*  before  the  parts  an*  disturbed.  It  will  usually  \ie 
b«'st  to  liavf  tilt'  patii-nt  an*'Stheti/cd  to  relax  the  muscles.  The 
thi«rli  slioid'l  hi'  broHLdiT  bark  into  alignment  with  as  little  manipu- 
lation as  pf»Nsiblr.  An  attt-nipt  at  an-uratc  apposition  of  the  frac- 
lurt'd  snrfat'is  slioiiM  bt-  niadr  at  this  time,  yet  reduction  immedi- 
ately follow] ii«r  tlif  arridi-nt  is  usually  only  partially  successful. 
Tills  is  btM-iiiiM'  iin»sl  frat-tures  of  tlie  shaft  arc  oblique  or  spiral,  and 
altlioML'li  ;iM»'s!lif>ia  n-laxt's  the  niuscb's,  yet  when  the  patient 
I'c^MJM.^  ioiisrioii^iHss  tile  Spasm  is  alniost  sure  to  again  displace  the 
fi;iL'ni»iits.  I  \.  !i  tbnnLrli  heavy  extension  is  employed.  As  a  rule  the 
Ih>1  tii;it  e;iii  1)1-  expeeted  at  tlds  tiuie  will  be  an  approximate 
ir|M.-itioii.  l*r(»j)»  r  ntliietion  ean  best  be  accomplished  at  the  end 
of  four  or-  live  ibiy.s.  or*  a  week,  when  the  extension  apparatus  has  so 
exIiiiiiNtrd  the  iiiiisejfs  that  tlitr  displacing  strain,  resulting  from 
local  spa.sni.  is  pr;ieti<-;illy  net:li*rible,  when  guarded  by  a  heavy 
wejudit  Jit  the  t-nd  (d*  tlh'  extension  cord.  An  accurate  knowledge 
of  the  iiiitiii'e  and  position  tA'  the  fracture  is  most  valuable  in 
attempt iri^'"  a  pei-mjineut  reduetii>n,  and  for  tliis  reason  an  X-ray 
jjlate  slionld  be  tnkeii  soon  aft<*r  tin*  aeeident.  Hy  a  study  of  the 
|{ '»nttreMi!LM;im  and  tlie  symptoms  of  the  ra.sc  wc  are  able  to  deter- 
mine wlieilMi"  oiiliiijiry  ti'eatirierit  will  irive  good  results  or  whether 
oj)r?;itive  iiiteiMiit ion   \NiII  be  nee<-ssai-y  to  accomplish  and  main- 
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tain  good  reduction.  In  a  simple  transverse  fraeture  it  will  often 
be  possible  to  secure  a  satisfactory  engagement  without  operation, 
but  when  the  fracture  is  spiral  or  oblique,  as  is  so  frequently  the 
case,  it  will  usually  be  necessary  to  resort  to  the  open  method  to 
obtain  the  best  results.  Non-operative  treatment  is  reserved  for 
those  rare  cases  in  which  good  reduction  can  be  accomplished  and 
maintained  by  manipulation  and  traction  and  immobilization,  and  in 
cases  in  which  operation  is  contraindicated  on  constitutional 
grounds.  If  good  reduction  is  possible  without  operation  the  case 
may  be  treated,  until  union  takes  place,  with  the  apparatus  just 
described:  namely  Buck's  extension,  coaptation  splints  and  the  long 
side  splint  or  the  T-splint.  After  the  traumatic  reaction  has  sub- 
sided the  cast  may  be  employed  instead  of  the  above  apparatus. 
The  cast  is  usually  applied  with  the  lower  extremity  in  the 
straight,  extended  position,  but  if  the  surgeon  finds  that  some  other 
position  is  more  favorable  to  the  retention  of  the  fragments,  he 
should  employ  whatever  attitude  is  thus  shown  to  be  best  adapted 
to  the  needs  of  the  case.  In  any  event  the  cast  should  extend  from 
the  waist  to  the  foot  and  should  be  lined  with  sheet  cotton  to 
prevent  irritation.  The  upper  portion  of  the  cast  secures  a  firm 
hold  on  the  pelvis  while  the  lower  portion  immobilizes  the  thigh 
and  leg. 

In  fractures  of  the  upper  third  of  the  shaft  the  upper  fragment 
frequently  shows  a  tendency  to  outward,  or  outward  and  forward, 
displacement  and  accordinjjly  moderate  flexion,  or  flexion  with 
abduction,  is  often  found  to  be  the  i)osition  favoring  retention. 
This  may  be  obtained  by  means  of  the  double  inclined  plane,  with 
extension  from  the  knee  in  the  line  of  the  axis  of  the  femoral  shaft, 
or  a  cast  may  be  applied  with  the  hip  slightly  flexed,  or  flexed 
and  abducted,  with  a  corresponding  position  of  flexion  at  the 
knee. 

In  fractures  in  the  lower  third  of  the  bone  the  lower  fragim^nt  is 
often  displaced  backward  by  the  action  of  the  gastrocnemius,  and 
when  this  occurs,  flexion  at  the  knee  is  tlie  position  in  which  the 
condition  should  be  tn^ated  and  the  doubh*  inclined  plane,  or  i-ast 
in  flexion,  are  the  appliances  used.  (See  ('hapter  XXXIX,  "  Frac- 
tures of  the  Lower  End  of  the  F<Mnur. 'M 

These  attitudes  of  fixation  may  favor  the  retention  of  fragments 
but  are  seldom  really  etHicient  in  accomplishing  good  results.  The 
fact  that  these  positions  are  needed  to  favor  reduction  and  retention 
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usually  means  that  the  ease  should  be  subjected  to  operation  to 
accomplish  really  good  apposition. 

In  children  under  ten  years  of  age,  fractures  of  the  femoral 
shaft  are  best  treated  by  vertical  suspension  of  the  lower  extremity, 
while  the  child  rests  on  a  Bradford  frame  in  the  recumbent  position. 
A  Buck's  extension  apparatus  is  applied  as  already  described  in 
the  treatment  of  fractures  of  the  hip,  with  this  exception,  the  line 
of  extension  is  vertical  instead  of  horizontal.  The  cord  passes 
through  a  pulley  directly  over  the  middle  of  the  bed  and  on  a 
vertical  line  with  the  hip.  The  lower  extremity  is  thus  maintained 
in  a  position  perpendicular  to  the  trunk.  It  is  best  to  have  the 
child  secured  to  a  Bradford  frame,  which  greatly  facilitates  the 
after-care  of  the  case  and  prevents  the  patient  from  moving  about 
to  the  extent  of  disturbing  the  fixation.  This  position  of  vertical 
extension  is  maintained  for  about  two  weeks,  after  which  the  lower 
extremity  is  lowered  to  an  inclined  plane  (about  40  degrees),  and 
extension  kept  up  in  this  position  for  another  week.  A  plaster 
spica  of  the  pelvis  and  lower  extremity,  or  a  hip  brace,  may  then 
be  applied  and  the  patient  allowed  up  and  about  with  the  aid  of 
crutches  and  a  high  sole  on  the  shoe  of  the  opposite  foot.  The  thigh 
should  not  be  subjected  to  strain  until  the  surgeon  is  sure  of  solid 
union,  otherwise  a  bowing  deformity  may  result.     (See  Fig.  632.) 

Fractures  of  the  thigh  in  patients  advanced  in  years  present  some 
of  the  same  problems  already  described  under  the  treatment  of 
fractures  of  the  hip  in  the  aged  (see  page  547).  Hypostatic 
pneumonia  or  bedsores  and  other  complications  may  develop  if  the 
patient  is  long  confined  to  bed.  Accordingly  some  form  of  ambu- 
latory treatment  should  be  adopted  as  soon  as  the  shock  and 
traumatic  reaction  have  subsided.  The  Thomas  hip  splint,  plaster 
cast,  or  *' ambulator}^  pneumatic  splinf  with  hip  attachment  may 
be  used  in  getting  the  patient  on  his  feet.  In  very  old  and  feeble 
persons  it  is  often  best  to  employ  the  cast  (see  page  548)  with  the 
thigh  and  knee  flexed  so  that  they  may  sit  in  a  chair  during  the 
day  and  rest  in  bed  at  night. 

In  fractures  of  the  femoral  shaft  in  the  new-born  the  thigh  is 
best  treated  in  complete  flexion,  being  Imund  to  the  trunk  in  this 
position.  The  festal  attitude  is  thus  t^iken  advantage  of  to  secure 
immobilization.  The  thigh  and  abdomen  are  previously  dried  and 
powdered  and  a  few  hivers  of  soft  linen  placed  between  them, 
before  the  thii^h  is  fixed. 
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In  frat'tnres  of  thf*  lower  tfiinl  with  hackwurd  <lifiplH<^eTnent  of 
tlie  lower  fraj^iocnt  the  double  imtliHe  plane  may  be  used  iiistend  of 
the  plaster  east  aud  is  luueh  more  appropriate  in  the  early  part  of 
the  aftt^r-treatiiienty  during  the  time  the  acute  traumatic  iutianiuia- 
iimi  is  at  its  height. 

Operative  TFeatment. — A  large  proportion  of  fractures  of  the 
femoral  shaft  detuaud  operative  intervention  if  the  best  possible 
results  are  to  be  obtained.  Fraetures  of  the  upper  and  middle 
thirds  are  usually  of  the  spiral  or  oblique  type  and  !io thing,  as  a 
rule,  will  seeure  the  fragments  in  aeeuratje  apposition  except  direct 
tixation  following  open  reduetlon.  In  the  lower  third  of  tbe  shaft 
it  is  more  often  possible  to  secure  good  reduction  by  non-operative 
treatment,  yet  fracture  iu  this  region  often  demands  the  opeu 
method.  The  shaft  of  the  bone  is  usually  best  exposed  through  a 
longitudinal  incision  on  the  outer  aspeet  of  the  thigh  in  tbe  region 
of  the  fracture.  With  the  fragments  exposed,  strong  traction  is 
made   on   the   lower   extremitv    and    the    serrated    surfaees    fitted 


Fi(t.  6il5. — TlK'  Ni.lii>lH  fniTiii  An 
fTariuTei*  of  tbv  feinnrol  wlukfL  A  titea 
limb  diirinflt  the  iipcrtttion. 


:  i;j.     Ill    itvt-r\Uni    on 
i.s    iiu,,it]t!tineJ    on   Ihe 


togetln'r.  They  are  then  secured  by  means  of  wire  or  a  heavy  Lane 
plate.  The  Niebols  extension  frame  is  one  of  a  lunober  of  aiipli- 
anees  which  are  of  value  in  exerting  trnetion  and  countertraction 
during  pperation  (si^^  Fig.  il'Sry).  Nowln*re  in  the  h<Hly  is  ititerual 
fixation  subjeeted  to  greater  siress  tliau  here  in  the  shaft  of  the 
fiMunr,  aud  the  nuiteriid  used  should  be  strong  enough  to  serve  the 
purpose,  pending  the  formation  of  bony  callus,  A  good  example  of 
Ihe  fixation  of  a  double  spiral  fracture  nf  the  middle  of  the  femoral 
shaft  with  wire  m  shown  in  Figs.  tJHtj  and  037.  When  wire  is 
emphiyed  two  points  o(  fixation  sboukl  be  bad  to  seeure  the  pro|N  r 
leverage  and  to  iin^veitt  angulnr  deformity.  If  the  wire  is  jaissed 
circularly  about  the  sfmft  it  will  often  aeeom|ilish  as  mueti  as  if  it 
were  pai««*d  through  drill  boles  in  the  bone.      In  eneireliug  the  shaft 
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the  instrument  carrying  the  wire  should  hug  the  bone  closely  to 
avoid  injuring  the  femoral  artery  or  one  of  its  perforating  branches 
which,  in  the  middle  third  of  the  shaft,  lie  in  close  relation  with  the 
internal  border  of  the  bone.  If  a  Lane  plate  Ls  used  it  should  be 
heavy  and  long,  preferably  of  the  Sherman-Pierce  type,  and  should 
be  pr()vidt»d  with  six  screw  holes.     When  the  fixation  is  completed 


Fi<.  (ia7. 


I'ii:.  •>:{«>.  Donl.h-  v|jir;il  fructiirc  of  ffiuur  with  \Miatl.MclnMl  fniiftnent.  X-ray  p'..»te 
lak«n  jifttT  i\»r\  tliiiiu'  i»i  a  iion  i>in'rati\  «•  \\a\  had  \ivi'U  doiu*  lo  at  coin|iliKh  rfJu«- 
tioii. 

Fiir.  tlMT.  -Sjinu-  c:iyv  .iftn  <)p«'ratioii.  Fraifinents  in  arcura!«»  appOKition  with  the 
r«'»»ult    tlial    tin*   lower    •■vtifmiij    shows    no    shorti'iiiiiir. 

the  tlii«rli  sliould  1m*  i'jusimI  from  tlir  tahh'  and  in  this  position  it 
sliould  Im'  cnpnhh'  of  sMstaiiiinir  the  wriji:ht  of  the  leg  without  giv- 
iM«r.  Thr  niusch's  sliould  ho  l)i*on»rlit  together  with  a  running 
sutui'c  of  cat^iit  and  the  skin  closed  with  silk-worm  gut  or  horse 
liair.  A  phistcr  cast  sljould  \hvu  he  ai^plicd,  after  proper  dressings 
have  Imtm  phiccd  on  tlio  wound  and  tlir  lower  extremity  covered 
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with  sheet  cotton.  The  east  should  exti^iitl  from  the  waist  to  tfie 
foot,  leaving  the  toes  exposeti  so  that  the  eondition  of  tlie  eireuhi- 
tion  in  the  extremity  nuiy  hi^  walrheil  during  the  after-treatment. 
Twenty-four  to  forty-eiglit  liours  following  the  operation  a  window 
shonld  he  ent  in  !)ie  i-ast.  ilw  wauiid  inspeeted  autl  izentle  pressure 


iTi 


IE 


!  ig    638* 


i'lg.   6JLt 


%\tHi, 


Fij,  908.~>BRmf5>   cnRi*    two    yr-hP!*    rd1uwin£    ij|ii-rutiun.      Ptiffvl    roslonntion    of    fun 


Pilf.  ft39. — ^Biiro*?   t*»iw»  hU    yi^nra   h(U*r   opftntwn       Nair    the    OMnditicm   of    the    eultua 
and  wireii,  itJ«o  th**  r«Mip*Hrtin*f  of  the  nicdulliiry  ihikiI. 

made  to  express  any  dead  htood  which  may  have  co]h'<de<l  in  (Im 
wound. 

In  eompnund  frat-tures  of  the  tliii^Ji  operative  intervention  is 
prartieally  always  in* Heated.  The  wound  sliouhl  he  enlarged  if 
neeei^sary  and  all  devitalizt'd  tissue  trinnueti  away.  When  this 
haK  hern  doni'  tUv  wournl  shiudi!  U\'  wasfird  with  a  few  gallons  of 
sterile  salt  suhdion  and  the  museteis  and  skin  aeeurately  a|>prox- 


1 


572  FRACTURES   AXD  DISLOCATIONS 

imated    (nee  ** Treatment   of  Compound   Fractures,"   page   789). 

After-Treatment. — The  duration  of  the  after-treatment  varies 
considerably  with  the  accuracy  of  apposition  and  the  age  of  the 
patient.  Union  will  therefore  take  longer  in  non-operated  cases 
than  in  cases  which  have  been  subjected  to  the  open  method  (see 
** Operative  Treatment  of  Fractures/'  page  754).  In  a  healthy 
adult,  union  will  usually  have  taken  place  in  from  six  weeks  to  two 
months,  although  refracture  may  easily  occur  at  this  time  if  the 
limb  is  subjected  to  any  considerable  strain.  In  children  union 
can  usually  be  expected  in  from  four  to  six  weeks.  In  the  aged 
union  may  be  very  much  delayed  and  in  some  cases  it  may  be 
impossible  to  obtain  bony  union  at  all.  No  matter  what  line  of 
treatment  is  followed  the  case  should  receive  the  most  careful  atten- 
tion during  the  after-treatment.  The  patient  should  be  seen  daily 
for  the  first  few  weeks.  If  the  fracture  is  treated  by  extension  and 
splints,  frequent  adjustments  will  be  necessary  to  keep  the  patient 
comfortable  and  to  maintain  the  fragments  in  proper  position. 
During  the  first  few  days  the  weight  should  be  heavy  (usually  about 
twenty-five  pounds  in  the  adult)  to  control  the  spasm  in  the  thigh 
muscles  which,  at  this  time,  is  at  its  height.  The  weight  should  be 
gradually  diminished  as  the  muscles  become  exhausted  and  the 
spasm  less  active.  Frequent  measurements  of  the  lower  extremity 
should  be  made  to  determine  the  extent  of  the  shortening  and  the 
influence  of  the  extension  apjiaratus  in  overcoming  it.  If  the  cast 
or  ambulatory  splint  is  used  it  will  require  adjustment  from  time 
to  time  and  the  parts  with  which  it  comes  in  contact  should  be  care- 
fully watched  for  evidenct\s  of  irritation.  If,  during  the  time  the 
cast  is  being  worn,  the  patient  complains  of  persistent  irritation  in 
a  given  place,  a  window  should  be  made  to  determine  the  condition 
of  the  skin  or  to  treat  a  sore  if  one  has  developed.  Following  oper- 
ative intervention  the  temperature  chart  should  be  watched  for 
evidences  of  infection  and  the  wound  should  be  inspected  within 
the  first  few  days.  Infection  need  not  be  expected,  however,  if  the 
proper  sur<rical  ttH'hni(|ue  has  been  followed  out. 

If  ambulatory  treatim*nt  is  not  employed  it  is  usually  best  to  keep 
the  pati(»nt  in  bed  for  a  week  or  so  following  the  removal  of  the 
splints.  Duriiifr  this  time  massacre  and  passive  motion  should  be 
instituted.  ^Vhen  the  patient  is  first  allowed  up  no  weight  should 
be  borne  on  the  injured  member  until  he  is  thoroughly  adept  with 
the  crutches.     Tlie  thigh  should  be  inspected  daily  during  the  time 
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he  is  beginning  to  bear  weight  on  it  and  if  the  slightest  evidences 
of  bowing  develop  he  should  be  again  placed  in  bed  and  extension 
apparatus  applied.  It  is  advisable  at  this  time  to  have  an  X-ray 
plate  made  to  determine  the  condition  of  the  callus. 

Prognosis. — Fracture  of  the  femoral  sliaft  is  always  a  serious 
accident  and  the  prognosis  should  be  guarded.  In  unoperated  cases 
shortening  is  the  rule  and  angular  or  rotary  deformity  is  not 
uncommon.  If  the  shortening  is  less  than  an  inch  or  an  inch  and  a 
half,  and  the  general  alignment  of  the  shaft  is  not  changed,  the 
result  is  said  to  be  good.  If  the  shortening  is  not  greater  than  an 
inch  and  a  half  the  tipping  of  the  pelvis  will  compensate  for  the 
deficiericy  in  the  length  of  the  lower  extremity  so  that  walking  will 
be  practically  normal.  Pain  and  weakness  in  the  injured  thigh 
are  common  following  fracture  of  the  femoral  shaft  and  often 
persist  for  years.  Little  can  be  done  to  alleviate  them.  The  more 
perfect  the  reduction  the  more  complete  and  prompt  will  be  the 
restoration  of  function.  The  results  following  the  open  treatment 
with  internal  fixation  of  the  fragments  are  decidedly  better  than 
those  following  the  non-operative  method.  It  is  often  possible  to 
secure  union  without  shortening,  even  in  spiral  fractures,  if 
recourse  is  had  to  operative  intervention. 

If  infection  follows  a  compound  fracture  the  outlook  is  often 
serious.  With  free  drainage  of  the  parts  the  danger  is  greatly 
reduced  and  bony  union  may  follow. 


(H AFTER  XXXIX. 
FHACTrHKS  OF  THK  LOWER  END  OF  THE  FEMUR. 

TiKlrr  this  hcadiiijr  aiv  included  the  various  fractures  occurring 
ill  the  lower  mil  of  the  hone,  some  of  which  enter  the  joint  cavity 
of  the  kncr.  Sc|)anition  of  th(»  lower  femoral  epiphysis  is  also  eon- 
sidrred  undri-  this  hradiiijr  instead  of  beinjr  taken  up  separately  as 

is  eustomary. 

Surgical  Anatomy.— The  lat(M-al  surfae(\s  of  the  large  expanded 
lower  extremity  of  the  f(Mnur  «re  suheutaneous  and  can  be  palpated 
without  ditVicnlty.  With  the  knee  flexed  the  upper  margin  of  the 
trochlear  surface  may  be  felt  anteriorly.  The  two  heads  of  the 
ffastro<ncmius  are  attached  posteriorly  just  aliove  the  condyles.  To 
the  external  surface  of  the  outer  condyle  (outer  tuberosity)  is 
attached  the  tendon  of  the  popliteus,  and  at  the  lower  end  of  the 
external  supracondylar  ridjre  is  the  origin  of  the  plantaris.  In 
the  noti-h  between  the  condyles  are  attached  the  upper  ends  of  the 
crucial  li^ai!ients.  Thi*  popliteal  artery  lies  in  close  relation  with 
the  posterioi*  surt'acr  of  the  bone,  from  th<'  point  w^here  it  crosses 
the  internal  supracondylar  rid«j:e  to  the  bottom  of  the  intercondyloid 
not<'h.  It  nia>  be  injun*d  in  this  j)osition  wh<»n  fracture  of  the 
lowei-  end  of  the  bnn«*  (H-enrs.  Tlu'  vessel  is  more  often  temporarily 
coiMpiesstd  tli.iii  pei-iiiariently  injured,  which  fact  accentuates  the 
iiiipni  tjiiier  of  rai'iy  reduction.  The  |)0|)lit<*al  nerve  and  vein  lie 
iiior*'  sii|)»'iticiall>  than  the  ai'tery,  and  accordingly  are  much  less 
fie«|nentl\    iiijiM'»'d  by  displaced  frairments. 

The  most  coiiminn  t'ractur'c  of  the  lower  end  of  the  femur  is  trans- 
ver-se  and  a  short  (iistan<'e  above  the  condyles.  Occasionally  the 
lowei-  fiaL'tiient  is  split  vei-tically,  thus  producing;  the  typical  T-  or 
^'-^l■actuI•e  which  enters  the  joint  cavity.  A  more  severe  type  of 
T-t'r;n'tn?'e  is  oin*  in  \\hi<-h  the  lowei*  «'nd  of  the  shaft  is  driven  into 
the  lowe?-  t'l'ajinient  with  e(nisi(lei-al)Ie  comminution  and  a  vertical 
split tin«z  into  the  intercondN  loid  noteli.  If  it  were  not  for  the  inter- 
(M)ii(|\l(>i(|  notch  the  Tl'i-actuie  wouhl  pi'obably  not  occur. 

I'litliei-  condyle  may  be  broken  otT  fi'om  the  remainder  of  the  bone. 
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^"hee  force  is  applied  to  the  knee  in  a  lateral  direction  or  when 
violence  is  transmitted  longitudinally  through  the  leg,  the  tnher- 
osities  of  the  tibia  play  an  important  pail  in  the  pressure  they  may 
exert  a':rain8t  the  condyles  of  the  feninr.  In  like  manner  the  pull 
of  the  lateral  liganientK  may  re^iult  in  fraetnre  of  a  eondyle  wlien 


Fig,   640. — Latornl   viow   nf   the   lowrr  end   c»f   Ihu   h^mur, 
Tig.  641. — Coruiitil    Het'lion    of    (hi*   low<'r   end   of   tho   fcniur. 


the  knee  is  suhjeeted  to  lateral  anfanilar  displacement.  It  is  more 
common  for  the  hiteral  Hiranients  to  teiir  away  only  their  bony 
attachments  nn  the  femoral  tuberosities*.  This  condition  is  usually 
repn^sented  by  a  portion  of  the  surfaee  eomjiaet  tissue,  together 
witll  some  of  the  underlying  caucellous  bone,  remaining  atta^-hed  to 
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tfu*  ligaiijrut  wliirh  ih  torn  away  arnl  (!ist>hMH'il  from  thr  tiiberosityJ 
Tliis  tyjK^  ol"  l'rai4nn?  is  more  proiM^rly  a  coiiiplii*atiou  cif  niihliixa- 
lioiiii  or  ** sprains"  of  the  knee,  and  will  be  t^onsidered  undnr  **  Dis- 
locations of  the  Kn<H%'-  pa^t*  613. 
The   ernnlivseal    riirtiliitrc   cor  ret 


tls  rough] 


h 


lorizoiital 

plane  i»assiiiir  just  attove  thf  coudyles  and  throujih  the  adductor 
tuhercle.  Tlie  top  of  llie  trochji^ar  surface  just  touches  this  plane. 
The  lovv(^r  fi-moral  epi[>!iysis  is  ossified  from  a  ecubT  whif^li  itiab^s 


Fig,   642, — -RSntgenosrani   of    Ihe 


iiiii   the   IcK-ationa   of   (iie   ir|»i()hyiieiil   c»t 


its  appearance  shortly  after  birth.  Epiphyseal  separations  cannot 
oceur  after  the  twentieth  year  since  the  epiphysis  joins  the  shaft 
at  this  time.     In  fact  they  are  rare  after  the  sixteenth  year. 

The  injuries,  then,  to  whieli  the  lower  end  of  the  femur  is  subject 
are:  su|)racondylar  fracture,  T-fraeture,  fracture  of  either  condyle 
separating  it  fn>m  the  remainder  of  the  lione.  epiphyseal  separa- 
tion and  avulsion  of  a  portion  of  the  surface  of  a  tuberosity  by  the 
poll  of  the  ligaments.  In  rare  instances  we  may  see  a  longitudinal 
splitting  of  the  lower  end  of  the  shaft  w^hieh  extends  through  the 
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Fig.   t)45.                                                       Fiif.   040, 

Fif,  645,— Old   dinplacmi  fraeturf*   with   refracture  iliniugh  rnllus. 
Flf,  646, — Fracture  of  l«mur  with  lateral  overriding  d«formity. 
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iuwiT  vuii  of  tlh'  bonr  into  thf  joiin  riivny.     in  sonii'  t'asrH  wi 

st»e  a  portion  of  Ihe  surface  of  Ihr  tulierosiry  drrvi-n    inward   by 

S4^vere  violence  eonfim^i  to  n  »mall  area. 

Symptonis, — The  syrnptoms  vary  with  thf  apr  of  the  |>iiti«^nt  and 
the  s<vi*rity  und  nattin^  of  thr  injury.  In  stipnu'ondylnr  fraetim^ 
frai*tiiri*  of  om*  of  the  eondyles  or  epiphvReal  si^paratiou,  the  loss  of 
function  is  eonnilete.  The  patient  i*i  iinwhle  to  Mand  on  the  injurH 
member  tir  lo  raise  Mie  foot  fnmi  the  IkmI-  Pefonnity  la  uaiially 
present  and  ^^ariea  with  the  position  of  the  fracture.  In  the  aimple 
supracondylar  type  the  lower  fnigtncnt  may  be  displaced  in  any 


CiMf  ftml  fiPfi*  iwvnl)  Umr   Imurit  mUrt  iu^nty  «t   wliirh  ttm«  thiii   plintorritph   w 


t'tHE.    *14«. — eoitiitoutid    cfjiuiuiitiuU'il    fmt'lurr    ot    ihr    luw<»r    pod  of    lli«»    fr-oinr      TW 

low^r    vtid    uf    ihn   uiipfr    frajfrnrnl    in    ilixplnrfcl    Hnt«*riarl>-    nn4    h«i  p^Df«tr»tPtt    lhf»    kkln 

The  r«<Knttiiitt  wmind  mHowr  blurk  U»  Iht?  phfjl^iirriitvh  and  blood  kt  Aeou  Uirklini:  down 
lh«  hidp  of  Ihc  kiico. 

direction.  If  it  is  frre  to  move  (if  tiot  obstructed  by  the  lower  end 
of  the  upper  fragment )  the  action  of  the  gastroenemiua  will  tend 
to  displace  it  hackwartl,  In  any  type  of  fracture  of  the  lower  end  of 
the  femur  it  is  more  common  lo  see  the  lower  end  of  the  upper 
fraijmcnt  displaced  forward  and  downward  while  the  lower  frag- 
ment is  dinplaecd  HaekwanK  In  epiphyseal  separations  the  reverse 
is  usually  true,  lite  epiphyt^is  is  dis[ilaced  forward  and  upward,  in 
front  of  the  lower  end  of  tlie  diaphysiw.     In  T-fracture  or  fracture 


FRACTURES  OP   LOWER   END   OP   FEMUR  579 

of  one  of  the  condyles  tlie  transverse  diameter  of  the  lower  end  of 
the  femur  is  usually  increased.  Injury  to  the  popliteal  artery  may 
occur  in  any  of  these  fractures  of  the  lower  end  of  the  femur, 
especially  in  epiphyseal  separations,  and  the  resulting  symptoms 
of  disturbed  or  destroyed  circulation  will  depend  on  whether  or  not 
the  artery  has  been  compressed  or  lacerated.  In  fractures  of  the 
lower  end  of  the  femur  it  is  not  uncommon  to  see  the  lower  end  of 
the  upper  fragment  projecting  through  the  skin  above  the  patella. 
In  epiphyseal  separations  the  condition  is  often  rendered  compound 
by  the  lower  end  of  the  diaphysis  projecting  through  the  skin  cov- 
ering the  popliteal  space. 

Abnormal  mobility  is  regularly  present  but  the  proximity  of  the 
knee  joint  renders  this  symptom  at  times  diflficult  to  recognize.  In 
fracture  of  one  of  the  condyles  or  in  T-fra(»ture  the  loss  of  lateral 
stability  in  the  knee  is  usually  pronounced.  Crepitus  may  be 
elicited  unless  the  fragments  have  overridden  so  that  their  serrated 
surfaces  are  no  longt^r  in  contact.  In  epiphyseal  separations  the 
epiphysis  is,  as  a  rule,  displaced  anteriorly  and  upward  and 
crepitus  cannot  be  elicited  until  the  fractured  surfaces  are  brought 
back  into  contact  and  even  then  it  is  soft  and  cartilaginous  rather 
than  bony. 

Diagnosis. — If  the  case  is  seen  early  before  the  onset  of  sw-elling, 
it  will  usually  not  be  difficult  to  recognize  the  nature  of  the  injury. 
There  is,  as  a  rule,  disturbance  in  the  alignment  of  the  bones  of 
the  thigh  and  leg  which  can  be  determined  by  inspection.  Short- 
ening of  the  thigh  is  the  rule  since  the  fragments  so  frequently 
override.  Fracture  in  this  region  without  deformity  is  the  excep- 
tion. Abnormal  mobility  is  usually  characteristic.  The  lateral 
stability  of  the  knee  is  impaired,  especially  when  the  lower  fragment 
is  divided  into  two  or  more  pieces.  Where  the  swelling  is  great  it 
may  be  difficult  to  determine  whetiier  the  fracture  is  in  the  lower 
end  of  the  femur  or  tiie  upper  end  of  the  tibia. 

The  defonnity  in  these  fractures  is  variable,  though  the  most 
common  displacement  is  backward  in  the  lower  fragment.  In 
epiphyseal  si^parations  the  deformity  is  more  uniform  with  the 
epiphysis  displaced  upward  and  forward.  This  condition  is  most 
commonly  seen  about  the  tenth  or  twelfth  year  and  tiic  crepitus 
elicited  is  soft  and  cartilaginous  ratiier  tiian  bony. 

All  unnecessary  manipuhition  for  diagnostic  purposes  should  be 
avoided  because  of  tiie  liability  of  injury  to  vessels  and  nerves. 
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The  iiiHtiipuhitioiiH  in(*i(It>iit  to  r<Mhietion  will  afford  as  much 
iiiforiiiHtioii  to  tlic  sur^i*oii  hh  tliom*  cniKliK'ttMl  Himply  to  establish  a 
diagnosis.  WIkmi  Ihf  X-ray  is  availablt*  tlit*  most  complete  informa- 
tion roiu'criiiii^  the  fractiin*  may  Ih*  gained  without  disturbing  the 
I)arts. 

Treatment. — AncsthcNia  is  csHcntial  in  n^diieing  fractures  of  the 
lowtT  end  of  thr  fiMiiiir.  With  a  KimpK*  supracondylar  fraetore 
reduction  should  he  a<'eomplished  as  soon  as  ]K>S8ible  and  the  frag- 
ments imiiH»hili/e<I  in  splints.  Difficulty  is  sonietimes  experienced 
in  i)ringin^  tiie  rraeinre<I  surfac(*s  hack  into  apposition  and  when 
such  is  tile  ease  wc  siinuid  resort  to  operative  intervention.     The 


1 


Fur,  <'ilM.  (;il»ii  pii*ii'iii»r  wiif.  )iip  splint.  ,1..  Win*  iM'iit  ti>  inMk<>  Rplint.  B., 
Si<li'  vi»-\\  shiiwint:  In  lnl■^  «■•  rinifi.iiii  tii  ihi*  pii>tt'ri(>r  Nurfar,-  of  thr  lower  extrfiiiUy  nnd 
hips,  with  kiiii-  III  a  puMiioii  iif  Nli:;ht  tirxiiiii.  ('.,  Splint  rovi'rcd  and  liit<fral  flii|i!(  at- 
l.-ichid    III   i-hi  II I  !•■   llii-   II  link 


ri::.    I.:.')       C.iIm.i    pi.vti  i 


hilt    I  lilt   III  hi'   iist'il   IIS  iloiihli'  iiirliiiftl   pluiii'. 


fart  tliiit  jhr  poplitraj  aitriy  may  1m*  iiijun»d  liurin^  reduction 
should  ]\i'\rv  \)r  lost  si«rlit  of  and  aeenrdin^ly  nuinipulations  should 
Ih"  most  ^iia rdt'd.  11'  i-cdiirtioii  caimot  hr  accomplished  hy  traction 
and  inauipiilatioii,  tin*  open  uicthnd  should  he  instituted  at  once, 
rspreially  if  iIh-it  is  thr  .sli«:iitest  indication  that  the  popliteal  artery 
is  l)cin«r  coniprivsscd.  In  nianipnlalin^  the  fra^mentH  pressure 
should  never  Im*  made  in  the  popliteal  s|)aci'  h»st  the  artery  he  driven 
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against  tlie  end  of  one  of  the  fragineiilH.  Pressure  to  foree  the  lower 
t*iid  of  the  upper  I'nij^iuciit  forward  shoid<l  lie  ninde  m  the  middle 
of  the  thigh  posteriorly,  where  there  will  he  no  diuiger  of  injury  to 
iinportant  soft  tissues.  In  the  presenee  of  a  I'd'raeture  or  a  frae- 
tiire  of  one  of  the  (condyles,  an  attempt  shoidd  be  mar!*^  to  foree  the 


Fif.    O'jL — Oujiuj'ii    udiig^tahlr   «]»]int    used   «»    ft    drufble    MH'thuHl  ^    lafu-   of 

fmrtm*  of  llii«  f(*mur,      Extt-ri^iori   in  Ihe  hmg  Msis  of  ihi,*  femur  jh  nrijiuMfii   lu  mjiintain 
redaction. 


Fif.  652. —  Onimy'ii    uiljiihtublH    tm  lut    splint    fi>r    thtj    Irt'iititurtil    nf    frarturen    of    ih« 

condyles  together  as  reduetion  is  heint?  aeeoniplished.  This  is  an 
important  matter  huwo  se|mration  of  the  femoral  eoudyles  means 
loss  of  proper  ali^fnnient  between  tin*  femoral  and  tibial  artieular 
Hiirfaees  with  suhseijitent  dislurlianet'  in  the  fum-tion  of  the  knee 
joint.  If  the  fraelure  in  near  tlie  knee  and  the  lower  end  of  the 
upper  fragment  is  dis|»laeed  forward  rhe  promineuee  thus  pradiieeLl 


ji 
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may  interfere  witli  the  action  of  the  patella  and  quadriceps  after 
union  has  taken  place. 

In  separation  of  the  epiphysis  reduction  should  be  accomplished 
at  once  and  with  the  least  possible  manipulation.     Qradual  flexion 


V'lfi.   053. — Adjustable   double    inclined   plane,   fracture  box. 

of  th(»  knee  while  pn»ssure  is  being  exerted  on  the  epiphysis  will 
aid  materially  in  elt'ecting  reduction.  If  reduction  cannot  be  ef- 
fected by  traction,  counter-traction,  flexion  and  direct  pressure  on 
the  epiphysis,  it  should  be  accomj)lished  by  operative  intervention. 


FiiT.   <i.')4. —  Ih>:rd«'Ti's    splfiit.     This    splint    may    be   used   as   a   double   inclined   plane. 
The  iiiajiiHT  in   whirh  the  ropt'^  uro  arranffe<l  atrords  traction  as  well  as  suspension. 

Kcpentcd  atttMiipt.s  at  reduction  of  an  epiphysis,  with  intervals  of 
delay,  arc  absolutely  lo  hv  condemned.  The  sequel  of  such  surgery 
is  ami>utation.  If  the  first  attempt  is  unsuccessful,  operation  should 
be  performed  (if  once. 

Operative  Treatment. — Oi)ciatioii  is  indicated  when  good  reduc- 
tion cannot  otherwise  be  accomplished.  An  incision  along  the  inner 
border  of  the  quadriceps  extensor  will  expose  the  fragments,  and 
manipulation  of  the  lower  extremity  may  be  aided  by  direct  trac- 
tion on  the  displaced  fra»rmeiits,  by  means  of  bone  hooks  or  forceps. 
Increasin«r  the  angular  deformity  may  render  reduction  easy  which 
would  otherwise  have  bei'ii  {JitHiciilt.     After  the  serrated  surfaces 
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have  bi*eii  eiigagftl  thi>  angular  (deformity  is  eorret^ted  and  (he  frag- 
nientis  brought  hack  into  good  alignrm^nt.  If  the  fraeture  is  of  the 
T-type  it  is  often  advimihhj  to  make  two  hnigitudinal  iiu-isions,  one 
OH  the  inner  and  the  other  ou  the  outer  aspect  of  the  thigh  opposite 
tlie  lower  end  of  the  hone.  With  the  parts  thus  exposed  the  condyles 
are  forced  together  and  luiek  into  position  si>  that  tfjey  properly  fit 
the  artieiilar  siurfaees  of  the  tibia.  If  a  tendency  tow*ard  recur- 
renei*  of  deforuiity  is  noted  they  should  be  secured  in  proper  rela- 
tion with  each  other  by  soiue  means  of  internal  Hxation.  If  two 
holes  are  drilled  transvei'sely  through  the  lower  end  of  the  bone 
above  the  condyles,  a  wire  may  lie  |>assed  tlirongh  the  bone  from 
one  side  to  tlie  other  and  back  again,  thus  liolding  the  fragments 
together.  A  Lane  plate  may  be  used  on  the  anterior  surface  of  the 
Ijone  if  the  displacing  strain  is  not  too  great.  It  should  he  remem- 
bered that  the  lower  end  of  the  femur  is  covered  by  a  very  thin 
layer  of  compact  tissue  while  the  interior  of  the  bone  is  composed 
of  a  cancellous  strycture  which  offers  an  exceetlin^ly  poor  foothold 
for  screws^  nails  or  pegs.  The  most  secure  fixation,  therefore,  is  the 
transverse  wiring  just  described.  If  transverse  wiring  is  employed 
below  the  upiier  border  of  the  trochlea  eare  sliould  iie  exercised  to 
avoid  dj-illing  into  the  supracondyloid  noleh.  Tlic  drill  holes 
should,  therefore,  be  placed  w^ell  forward.  (See  *' Anatomy  of 
Lower  End  of  Fcmnr/'  |iage  ^74, 

The  knee-joint  should  not  be  opened  unless  it  is  found  that 
proper  fixation  cannot  otherwise  be  obtained.  With  reduction  and 
fixation  of  the  fragments  accomplisbcd  the  wound  or  wounds  are 
closed  and  the  lower  extremity  iuunobiliKcd  in  whatever  position 
shows  the  least  tendency  toward  recurrence  of  deforuiity,  as  demon- 
strated during  operation.  Extension,  semiflexion  or  ficxiou  may 
be  employed.  As  a  rule,  however,  it  will  be  fouutl  practieable  to 
immobilize  the  lower  extremity  ou  a  haoi  splint  in  a  position  just 
short  of  complete  extension.  When  the  fracture  is  treated  in  this 
position  a  Buck's  extension  following  operation  is  usually  indi- 
cated to  relieve  the  muscular  spasm,  steady  the  member  and  re- 
lieve the  pressnre  between  the  articular  surfaces  of  the  tibia  and 
femur  Padding  of  the  splint  for  the  purpose  of  exerting  pres- 
sure in  the  popliteal  space  to  effect  or  maintain  reduction  is  not 
pi^rrrdssible.  Tenotomy  of  the  tendo  A  chill  is  to  overcome  backward 
displacement   of  the  lowt*r   fraguient    has  been   nd vised   nnd   prac- 
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tised  but  is  probably  an  unwise  measure.  It  is  often  unsuccessful 
and  hy  no  nutans  as  satisfactory  as  open  treatment  with  direct 
fixation  of  the  fragments. 

There  is  usually  little  tendency  toward  recurrence  of  deformity 
followinj^  reduction  of  an  I'piphyseal  separation,  if  the  lower  ex- 
tremity is  treated  in  the  semiflexed  position.  Should  the  excep- 
tion, however,  be  encountered  and  internal  fixation  prove  necessary, 
absorbable  suture  material  is  the  only  material  which  should  be 
used  in  holding  the  epiphysis  in  place.  Loops  of  wire  or  a  Lane 
plate  should  not  be  used  across  an  epiphyseal  cartilage.  A  light 
plaster  cast  extending  from  the  groin  to  the  ankle  with  the  knee 
in  semi-flexion  will  usually  be  found  quite  satisfactory  in  im- 
mobilizing the  parts.  It  should  not,  however,  be  employed  until 
after  the  traumatic  reaction  has  subsided.  If  the  cast  is  cut  open 
before  the  plaster  has  dried  it  may  be  applied  immediately  fol- 
lowing the  operation. 

After-Treatment. — Considerable  traumatic  reaction  usually  fol- 
lows the  accident,  and  during  the  first  week  repeated  adjustments 
will  be  necessary  in  making  allowances  for  the  onset  and  subsidence 
of  swelling.  Traumatic  arthritis  of  the  knee  is  the  rule,  especially 
in  epiphyseal  separations  and  fractures  entering  the  joint  cavity. 
The  knee  should  be  snugly  bandaged  and  an  ice  cap  should  be  kept 
in  i)Osition  most  of  the  time  during  the  first  week.  A  long  side 
splint  such  as  used  in  fractures  of  the  shaft  of  the  bone,  adds 
greatly  to  tlic  security  of  immobilization  when  the  fracture  is 
treated  in  the  cxt(^nded  position.  If  the  lower  fragment  shows  a 
tendency  to  posterior  displacement  not  controlled  by  straight 
Buck's  extension,  a  double  incline  plane  should  be  employed  or  the 
lower  extremity  i)ut  up  in  a  cast  in  a  flexed  or  semi-flexed  position. 
At  the  end  of  six  or  eight  weeks  the  dressings  should  be  removed 
and  i)assive  motion  begun.  In  another  week  or  ten  days  the  pa- 
tient may  be  allowed  out  of  bed  and  may  begin  the  use  of  the 
member  cautiously,  lie  may  bear  a  little  weight  on  it  while  get- 
ting about  with  the  aid  of  crutches  and  a  moderately  high  sole  on 
the  opposite  foot. 

In  children  union  is  much  more  rapid  while  in  the  aged  it  may 
be  very  much  delayed. 

The  usual  treatment  of  epiphyseal  separations  is  with  the  knee 
in  a  position  of  seinitlexion.  At  the  end  of  three  or  four  weeks 
the  knee  may  be  carefully  brought  to  the  ex  'sition  and 


Fie.    655. — AimIujI-"  ,  I       iin,tlir     npVuU      IihIjh    lil.S    v     -hnwini:     iinigli«;»t'lOfl     for     ftll 

frArtur«<«  but  the  hip,  wUliuut  uuy  ftd«litioii«l  auppufu  to  like  liiuti  or  kip-Joinl  ImmotiilmnK 
uttAclimcni. 


for  another  two  weeks,  U  (lie  iinibulatory  pneuinatic  s]iHii1  is 
used,  or  suioe  otlier  ei|UHlly  etlicient  applijioee,  tlie  rliik!  may  be 
up  Hiiii  about  during  lliin  fiiiie,  Fiuielioo  may  be  reHUrneil  gratl- 
ually  cliinii^  iIn'  i-iglitli  mid  iiiuth  weeks.     At  the  eml  of  two  and 
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a  half  months  the  patient  should  be  bearing  his  full  weight  on 
the  leg. 

If  at  any  time  during  the  after-treatment  gangrene  or  septi- 
cemia should  develop  as  a  result  of  destroyed  circulation  or  infec- 
tion, prompt  amputation  will  usually  be  necessary  to  save  the 
patient's  life. 

Prognosis. — Fracture  of  the  lower  end  of  the  femur  is  at  best  a 
serious  condition.  Infection  of  the  knee-joint  or  laceration  of  the 
popliteal  artery  are  conditions  which  render  the  fracture  itself 
only  of  secondary  importance.  Epiphyseal  separation  has  a  par- 
ticularly bad  prognosis,  especially  when  compound.  Gangrene  of 
the  leg  is  not  an  uncommon  sequel  when  the  popliteal  artery  is 
injured  and  death  has  resulted  in  many  instances  from  gangrene, 
infection,  embolism,  etc.  Disturbances  in  the  subsequent  growth 
of  the  bone  following  epiphyseal  separations  are  not  common  if 
recovery  has  taken  place  with  the  fragments  in  good  reduction. 
The  surgeon,  however,  should  warn  the  parents  of  the  untoward 
possibility  so  that  he  may  not  be  unjustly  blamed  later  on. 

Simple  fracture  of  the  lower  end  of  the  femur  without  arterial 
damage  is  usually  followed  by  good  function  if  the  condyles  do  not 
unite  in  deformity.  Joint  adhesions  may  occur  in  the  knee.  Their 
severity  is  lessoned  by  the  proper  use  of  Buck's  extension  during 
the  height  of  the  traumatic  arthritis.  A  chronic  villous  arthritis 
is  not  uncommonly  seen  following  fractures  in  this  region. 


CHAPTER  XL. 

FRACTURES  AND  LUXATIONS  OF  THE  SEMILUNAR 
CARTILAGES. 

Surgical  Anatomy. — The  semilunar  cartilages  are  two  crescentic 
masses  interposed  between  the  articular  surfaces  of  the  tibia  and 
femur  and  serve  to  deepen  the  articular  surfaces  on  the  head  of 
the  tibia.  The  superficial  margins  are  thick,  correspond  roughly 
with  the  outline  of  the  upper  end  of  the  tibia  and  are  attached  to 
the  deep  surface  of  the  capsule  of  the  knee-joint.  The  central 
margins  of  these  cartilages  are  thin  and  lie  free  in  the  joint.  Be- 
tween the  articular  surfaces  of  the  tibia  we  have  attached  from 
before  backward:  the  anterior  end  of  the  internal  semilunar  carti- 
lage, the  anterior  crucial  ligament,  the  anterior  end  of  the  external 
cartilage,  the  posterior  end  of  the  same  cartilage  and,  lastly,  the 
posterior  crucial  ligament.  It  will  be  seen  from  this,  that  the  two 
extremities  of  the  external  cartilage  practically  meet  at  the  spine 
of  the  tibia  while  the  extremities  of  the  internal  cartilage  are 
separated  by  a  considerable  distance.  The  deep  structure  of  these 
cartilages  is  fibrous  whih»  the  surface  is  composed  of  hyaline  carti- 
lage. They  are  triangular  on  cross-scc^tion.  The  circumference  of 
each  cartilage  is  bound  to  the  borders  of  the  tuberosities  of  the 
tibia  by  the  capsule  of  the  joint,  which  is  continuous  on  the  outer 
and  inner  aspects  of  the  articulation  with  the  lateral  ligaments. 
The  portion  of  the  capsule  thus  attaching  the  cartilages  to  the  tibia 
is  known  as  the  coronary  ligaments,  and  fibn»s  stret(»hing  between 
the  anterior  convexity  of  the  two  cartilages  has  been  des(»ribed  as 
the  transverse  ligament.  The  knee-joint  is  of  the  hinge  type  with 
complimentary  gliding  and  rotary  motion.  In  extension,  lateral 
motion  is  prevented  by  the  lateral  ligaments,  but  in  flexion  this 
function  is  performed  by  the  crucial  ligaments.  The  angle  at 
which  the  tibia  joins  \\w  femur  in  extension,  normally  throws 
greater  strain  on  the  int*»rnal  lateral  lijjrament  than  on  the  external. 
The  internal  cartilage  is  much  more  intimately  attached  to  the  in- 
ternal lateral  ligament  tlian  is  the  external  to  the  external  lateral 
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ligament.     Rupture  and  displaeeinent  of  the  internal  lateral  liga- 
ment will  therefore  be  mueh  more  likely  to  disturb  the  internal 
eartilage  than  would  be  the  ease  with  the  external  cartilage  if  the 
external  ligament  were  injured.     The  normal  lateral  angle  of  the 
knee  is  sueh  that  the  longitudinal  stress  produced  by  the  weight  of 
the  body  tends  to  separate  the  articular  surfaces  on  the  inner  side 
of  the  joint.     The  circumference  of  the  cartilage  is  attached  to  the 
internal  lateral  ligament  and  when  this  structure  is  torn  the  carti- 
lage may  be  displaced  inward  and  jammed  between  the  articular 
surfaces.     When  the  femur  is  displaced  laterally  on  the  tibia  the 
condyles  rid(»  upward  on  the  semilunar  cartilages  and  thus  serve 
to  bring  the  crucial  ligaments  to  a  tension.     In  si)rain8  of  the  knee 
the  semilunar  cartilages  may  be  fractun^d  or  displaced.     They  may 
be  found  free  in  the  joint  or  only  partially  detached.     A  portion 
of   the   cartilage   may   be   fractured   and   partially   or  completely 
separated  from  the  remainder.     It  may  be  folded  upon  itself  and 
in  cas(»s  of  long  standing  various  degenerative  changes  have  been 
noted  in  the  entire  joint  as  well  as  in  the  cartilage.     Cases  are  on 
record  in  which  the  cartilage  from  one  side  of  the  articulation  has 
been  found  on  the  opposite  side  of  the  joint  cavity. 

Symptoms. — In  the  typical  case  the  clinical  picture  is  quite 
characteristic.  The  patient  giv(»s  a  history  of  having  been  taken 
with  severe  pain  in  the  knee  (usually  on  the  inner  side)  while  the 
joint  was  partly  flexed  and  under  strain.  The  joint  locked,  so 
that  he  was  unable  to  extend  the  leg.  though  it  may  have  been 
possible  for  him  to  liobbh*  some  distance  with  the  knee  in  a  position 
about  half  way  between  complete*  <'xtension  and  semiflexion.  By 
repealed  attempts  at  flexion  and  ext<'nsion  or  with  medical  aid 
something  was  felt  to  give  within  the  joint  and  the  knee  w^as  again 
found  to  be  fre<'  and  ca|)able  of  full  extension. 

Following'  the  accident  I'vidences  of  traumatic  arthritis  develop 
and  tile  patient  is  confined  to  the  house  for  a  period  varying  from 
a  few  days  to  a  few  w<*eks  according  to  the  severity  of  the  reaction. 
It  is  <lnriMg  this  time  that  the  surgeon  usually  first  sees  the  case. 
If  the  patient  gets  about  as  soon  as  the  swelling  subsides  recurrence 
of  the  accident  is  almost  sure  to  occur  when  the  knee  is  subjected 
to  similar  strain  and  ])osition.  The  reaction  following  subsequent 
luxations  is  usually  less  .severe^  than  that  attending  the  first  dis- 
])lacemcnt.  In  the  aty|)ical  case  there  may  be  no  history  of  the 
knee  having  locked.     The  patient  nuiy  complain  only  of  a  sense  of 
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insecurity  in  t\w  joint  and  of  pniii  un(l*>r  strain,  at  tiinos.  In  old 
castas  the  only  evirlonpt's  of  tht*  rontlitioii  niny  he  ff^und  in  secondary 
<*hangres  such  as  ehronii*  hypertrophie  arthritic.  For  a  number  of 
days  following  the  aeeident  it  in  thr  rulr  lo  fnid  ti^nderiiess  in  the 
region  nf  tin*  cai"tila«j:(",  nsindly  tin'  inti  ri^^il,  and  in  stmw  instances 


Kipc.  H5*L — Subluxation  of  the  ktieu  witb  luterul  d»h1ocutioii  of  the  pntellft.  Tlie  in 
(ernnl  lalfriil  lignments  are  Uyrji  &nd  ihe  fiemilunQr  cartilu^e  disiplareil  roward  tin*  Rpirip 
of  lh«  tibift. 


Fig.   rtr>7, — Anitilior  view   of  Oic  mmc  t'Hs«   tshuwiriff  how   I  lie   Hn^vr  mjiy  W  inserted 
lif'tweeu  the  tihiu  wnd  friunr. 

a  pap  between  the  hones  may  be  produced  hy  aianipnlation.  Pain 
may  Im  referred  to  the  patella  rather  than  ihe  region  of  the  earti* 
lajife  thoti^h  the  trndfriH'Ss  is  always  more  prononnet'd  at  fla^  site 
of  tlie  cartilage.  Tin-  absence  of  phyHical  signs,  lunvever,  is  char- 
aeterisiie   following  the  traumatic  reaction.     When   the  condition 
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U»<roin«*  rfHTiirrent  it  is  not  infrequently  quite  disabling.  The  time 
rionHUinc'd  in  re<.'Overin^  from  the  traumatic  reaction  and  the  sense 
of  inHecurity  which  the  patient  experiences  during  the  intervals 
arc  important  mn^v^*H  of  disahility.  The  fact  that  the  knee  may 
Ix*  thrown  out  of  function  at  any  time  deters  him  from  many  ac- 
tivitit'8.  The  (leprn«»rative  changes  which  so  often  follow  in  the 
articulation  are  important. 

Diagnosis. — With  the  tyi)ical  history  of  sudden  pain  and  **  lock- 
ing" of  the  joint,  with  complete  release  of  the  articulation  when 
the  cartilage  is  reduced,  the  diagnosis  is  easy.  In  atypical  eases, 
however,  without  the  characteristic  symptoms  of  locking  of  the 
knee,  it  may  be  impossible  to  arrive  at  a  diagnosis  until  the  joint  is 
explored.  It  might  seem  that  a  diagnosis  should  be  made  in  all 
ca.s(»s,  yet  experience  will  show  that  mistakes  are  common  even 
amonj?  thos(»  most  thoroughly  versed  in  the  internal  derangements 
of  the  knee.  When  the  case  is  not  typical  the  condition  must  be 
differentiated  from:  dislocations  of  the  patella,  synovial  fringes, 
joint  mice,  lipomata  and  subluxations  of  the  knee. 

If  the  patient  is  seen  during  the  acute  disability  there  will  be 
little  difficulty  in  differentiating  lesions  of  the  semilunar  cartilages 
from  luxations  of  the  patella.  If,  however,  we  are  obliged  to  rely 
on  the  history  given  by  the  patient  it  may  become  an  extremely 
difficult  matter  to  arrive  at  a  diagnosis.  If  the  patella  has  been 
dislocated  the  region  of  the  knee  cap  will  be  tender  for  a  few  days 
foUowinjr  the  displacement  and  it  is  often  possible,  especially  under 
anesthesia,  to  displace  the  bone  beyond  its  normal  limits.  More- 
over thi'  characteristic  tenderness  on  the  inner  side  of  the  knee  at 
the  site  of  the  sciiiiluiuir  cartilage  is  absent.  If  the  case  is  seen 
some  weeks  or  luoiillis  following  the  accident  it  may  be  impossible 
to  (Ictcrmiuc  tlic  conditions  that  existed,  if  the  patient  gives  the 
usual  iinpcrfcct  liistoi y.  When  synovial  fringes  are  pinched,  the 
lockiiit;  is  not  as  |)ronounc(»d  and  solid  as  occurs  in  luxations  of 
the  semilunar  cartilage's.  Moreover  the  point  at  which  the  motion 
of  the  knee  is  interfered  with  is  not  <*onstant  and  the  pain  is  usually 
more  intense  and  acute  than  occurs  when  the  semilunar  is  at  fault. 
When  joint  mice  arc  present  it  may  be  possible  to  palpate  one  or 
mon*  of  the  loose  bodies  within  the  articulation,  and  the  point  at 
which  the  action  of  the  knee  is  interfered  with  varies  with  different 
attacks.  If  the  disturbance  in  function  is  due  to  lipomata  the  acute 
symptoms  an*  less  severe  and  the  subsetpient  acute  traumatic  ar- 
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thritis  is  usually  negligible.  In  addition  a  permanent  puflfiness  is 
usually  noted  on  either  side  of  the  patellar  ligament  which  repre- 
sents the  enlarged  fat  pad  beneath  the  ligament.  In  subluxations 
of  the  knee  the  history  of  trauma  and  the  abnormal  mobility  will 
usually  clear  the  diagnosis.  The  joint  cavities  have  been  injected 
with  hydrogen  and  the  X-ray  used  to  determine  the  outlines  of  the 
semilunar  cartilages  but  this  method  of  diagnosis  is  seldom  indi- 
cated in  general  practice.  When  it  is  employed  the  dangers  of 
infecting  the  articulation  should  be  kept  in  mind.  In  chronic  dis- 
turbances of  the  knee  the  important  points  to  be  determined  are 
whether  or  not  the  disturbance  in  function  is  suflficient  to  warrant 
opening  the  knee  and  whether  or  not  good  functional  results  can 
be  obtained  without  operation. 

Treatment. — If  the  case  is  seen  wliile  the  cartilage  is  luxated, 
reduction  should  be  effected  at  once.  Reduction  of  the  displaced 
cartilage  is  usually  easy  though  cases  are  occasionally  encountered 
in  which  open  incision  is  necessary.  Reduction  is  effected  by  acute 
flexion  of  the  knee,  the  leg  is  then  rotated  back  and  forth  on  its 
axis  and  laterally  deviated  from  side  to  side  and  finally  extended. 
In  acute  flexion  of  the  knee  the  most  convex  portions  of  the  femoral 
condyles  are  in  contact  with  the  articular  surfaces  of  the  tibia  and 
accordingly  there  is  more  room  for  the  cartilages  than  when  the 
knee  is  extended.  This  accounts  for  the  release  of  the  pinched 
cartilage  during  acute  flexion.  The  rocking  and  rotary  motions 
just  described  also  tend  to  free  the  cartilage.  If  the  surgeon  flexes 
the  knee  over  his  wrist,  the  latter  acts  as  a  fulcrum  and  aids  ma- 
terially in  separating  the  articular  surfaces  of  the  femur  and  tibia. 
If  these  manipulations  have  been  successful  and  the  cartilage  has 
been  freed,  complete  and  active  extension  of  the  knee  will  be  pos- 
sible and  painless.  If  they  have  failed  the  knee  will  be  blocked 
just  short  of  full  extension  and  the  patient  will  be  unable  to  hold 
the  leg  extended  in  the  horizontal  position.  Moreover  the  attempt 
will  be  attended  by  pain.  The  proof  of  reduction  is  the  free  active 
extension  of  the  joint  unattended  by  pain.  The  patient  will  almost 
invariably  be  able  to  state  when  the  cartilage  is  reduced.  His  con- 
duct reminds  one  of  luxations  of  the  shoulder  in  which  the  sufferer 
exclaims  with  satisfaction  as  the  head  of  the  bone  slips  back  into 
the  glenoid.  The  care  of  the  case  following  reduction  will  be  taken 
up  in  the  after-treatment. 

Operative  Treatment. — The  indications  for  operative  treatment 
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vary  with  tlie  social  state  of  the  patient  and  the  nature  of  the 
lesion.  If  this  luxation  occurs  for  the  first  time  in  a  gentleman 
of  leisure,  who  has  ample  time  for  non-operative  methods  and  can 
avoid  subsequent  strain  to  the  joint,  the  condition  may  be  treated 
expectantly.  If  on  the  other  hand  the  patient  is  a  laboring  man, 
whose  time  and  activity  mean  his  living,  the  cartilage  causing  the 
trouble  should  be  removed  at  once.  The  advisability  of  operating 
following  the  first  luxation  is  a  question.  If  reduction  is  accom- 
plished and  the  joint  immobilized  for  a  period  sufficiently  long  to 
allow  complete  healing  of  the  ligaments  and  cartilage,  the  condition 
may  not  recur.  Cases  of  habitual  luxation,  with  or  without  evi- 
dences of  degenerative  changes  within  the  joint,  call  for  operative 
intervention.  Nothing  can  be  expected  from  non-operative  meth- 
ods under  these  circumstances. 

A  vertical  incision  is  made  beginning  about  one  inch  behind  the 
lateral  border  of  the  patella  and  a  little  above  the  horizontal  plane 
of  the  articulation.  This  is  carried  downward  across  the  articu- 
lation and  continued  backward  in  a  curved  direction  as  soon  as  the 
scalpel  comes  opposite  the  tuberosity  of  the  tibia.  After  the  skin 
incision  is  made  the  cutaneous  edges  are  covered  with  gauze,  which 
is  held  in  position  by  tenaculae.  The  tissues  are  then  divided  down 
to  the  capsule  of  the  joint,  which  is  incised  with  the  least  possible 
trauma.  The  half  of  the  joint  cavity  to  be  operated  upon  is  then 
open  for  inspection  and  the  nature  of  the  lesion  may  be  determined. 
The  most  rigid  asfpsi^s  should  he  observed;  the  gloved  fingers  should 
not  be  introduced  within  the  articulation  and  instruments  having 
come  in  contact  with  the  hands  should  not  enter  the  cavity. 
Sponges  should  be  used  but  once.  If  the  cartilage  is  fractured, 
detached  (partially  or  completely),  folded  upon  itself  or  degen- 
erated it  sliould  be  removed.  Anchoring  of  the  cartilage  to  prevent 
luxation  should  not  l)e  attempted  as  the  results  are  not  satisfactory. 
Removal  of  the  cartilage  should  be  accomplished  with  as  little 
trauma  as  possible.  If  other  derangements  are  encountered  within 
the  articulation  tliey  should  be  corrected.  Following  operation  the 
joint  should  be  immobilized  and  an  ice  cap  applied  to  the  knee  to 
control  any  traumatic  arthritis  which  may  develop. 

After-Treatment. — The  care  of  the  case  following  non-operative 
reduction  consists  in  iniiiiobiliziii^  the  knee  on  a  posterior  splint  in 
<*oniplcte  extension.  Klevation  of  the  lower  extremity  and  the  use 
of  the  ice  cap  will  tend  to  control  the  traumatic  reaction.     If  trau- 
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ruatic  arthritis  develops  Buck's  extension  should  be  employed. 
Immobilization  should  be  maintained  for  a  period  of  three  weeks 
and  the  resumption  of  function  should  be  gradual.  Strain  to 
tlie  knee  in  the  flexed  or  semi-flexed  position  should  be  avoided  for 
three  or  four  months.  If  the  inner  side  of  the  sole  of  the  shoe  is 
built  up  and  the  patient  forms  the  habit  of  **  toeing  in*'  in  walking, 
much  of  the  strain  will  be  removed  from  the  internal  lateral  liga- 
ment and  thus  the  chances  of  recurrent  luxations  of  the  internal 
semilunar  will  be  reduced.  Following  operation  and  removal  of 
the  cartilage  motion  may  be  begun  at  the  end  of  ten  days  and  the 
patient  may  return  to  work  within  two  weeks  if  there  are  no  com- 
plications. 

Prognosis. — Fracture  or  dislocation  of  a  semilunar  cartilage  may 
occur  only  once  if  proi)er  immobilization  has  been  carried  out  fol- 
low^ing  the  accident.  If  on  the  other  hand  function  is  resumed 
immediately  or  as  soon  as  the  traumatic  arthritis  has  subsided,  re- 
currence is  almost  sure  to  follow.  Restoration  of  function  fol- 
lowing operation  is  prompt  and  complete.  The  patient  is  able  to 
rrsume  his  ori<?inal  occupation  or  to  follow  the  sport  in  which  the 
injury  was  sustained. 


CHAPTER  XLL 

FRACTURES  OF  THE  PATELLA. 

Surgical  Anatomy.— The  patella  is  a  sesamoid  bone  developed  in 
the  tendon  of  the  quadriceps  extensor  femoris.  It  is  usually  ossi- 
fied from  one  center,  which  makes  its  appearance  about  the  third 
year.  In  rare  instances  it  is  developed  from  two  centers,  laterally 
placed.  The  patella  is  attached  to  the  tubercle  of  the  tibia  by  the 
ligamentum  patella\  which  maintains  the  bone  at  a  constant  dis- 
tance from  the  tibia.  The  anterior  surface  is  subcutaneous  except 
for  the  prepatellar  bursa  which  is  interposed  between  the  bone  and 
tin*  skin.  The  patella  is  covered  on  all  sides,  except  the  articular 
surface,  by  the  tendon  of  the  quadriceps  which  is  spoken  of  below 
the  bone  as  the  lipramentum  patella?.  In  extension  of  the  knee  the 
articular  surface  of  the  patella  is  in  contact  with  the  trochlear 
surface  of  the  femur;  in  flexion,  with  the  condyles.  The  lower 
portion  of  the  patella  or  apex  has  attached  to  it,  both  anteriorly 
and  posteriorly,  the  fibres  of  the  ligamentum  patella*. 

The  pat<*lla  is  sit\iated  in  two  fibrous  planes;  the  superficial  one 
is  repn  sented  by  the  fascia  lata  covering  the  quadriceps  extensor, 
the  deep  plane  is  the  capsule  of  the  knee-joint.  When  fracture 
occurs  separation  of  the  fragments  does  not  take  place  unless  the 
fascial  planes,  in  whi<*h  the  bone  is  situated,  are  torn.  The  func- 
tion of  the  patella  is  to  atlord  lev(»rage  to  the  tendon  of  the  quadri- 
ceps, while  acting  across  the  flexed  knee.  The  insertion  of  this 
muscle  is  chiefly  into  the  patellar  ligament,  but  it  should  not  be 
taken  for  granted  that  the  (|uadrieeps  acts  only  through  the  patella, 
since  it  finds  a  hi'oad  insertion  into  the  upper  end  of  the  tibia 
throuirh  the  fascia  lata  and  caps\de.  In  instances,  therefore,  in 
which  the  patella  is  fracture<l  witho\it  tearing  of  the  fascise  on 
either  side  of  it,  the  patient  still  retains  some  power  in  extending 

the  knee. 

The  mechanism  of  fracture  of  the  patella  has  been  the  subject 
of  coiisiderahle  discussicm,  and  even  at  the  present  time  differences 
of  opinion  exist  concerning  it.     The  bone  may  be  broken  by  direct 
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violence,  or  by  muse  ill  ar  action.  When  the  former  is  tJie  caiiae 
the  fracture  is  often  stellate  or  irregular  and  comiuinuted,  depend- 
ing upon  the  nature,  direction  and  degree  of  the  trauma.  In  this 
type  of  fracture  the  lateral  fascia*  are  seldom  torn  and  tlie  dis- 
placement  is  slight.  Fracture  prodviccd  in  this  way  sometimes  re- 
sults in  injury  to  the  underlying  articular  sui"face  of  the  liemur. 
When  fracture  results  fi*oru  muscular  action  it  is  caused  by  the 
violent  action  of  the  c|uadrieeps  extensor  on  the  patella  while  the 
knee  is  flexed.  In  this  way  tlie  patella  is  broken  across  the  con- 
dyles of  the  femur,  and  if  the  muscle  continues  to  act,  the  frag- 
ments are  separated  and  the  lateral  fasciae  torn. 

Tile  mechanism  of  fracture  of  this  bone^  as  a  result  of  muscular 
action,  may  be  illustrated  by  the  facility  with  which  a  stick  can 
be  broken  across  the  knee  when  it  will  be  im[>ossible  to  part  this 
same  stirk  by  simj>le  traction  and  eounter'traction  in  its  long  axis. 
If  a  blow  is  sustained  on  the  flexed  knee  (either  by  a  moving  object 
or  in  a  fall)  while  the  mitsele  is  contracting*  the  fracturing  effect 
of  tlie  museular  pull  is  greatly  increased.  The  upi»pr  end  of  the 
bone  is  fixed  by  the  quadriceps  ami  llie  lower  emi  by  the  liga- 
mentum  patellar  while  the  middle  of  the  posterior  surface  is  the 
only  part  of  tlic  articular  face  in  contact  with  the  fcnuir  during 
flexion.  The  distribution  of  tliese  three  forces  explaiius  the  man- 
ner in  which  the  pat<^lla  may  bt*  sna[>rjed. 

Fracture  of  tlie  patella  nearly  always  entei"s  the  kuee-jouit,  but 
when  confined  to  the  lower  portion  of  the  apex  of  the  hone,  w^hieh 
is  ccivrn^d  by  the  patellar  tendon,  the  joint  is  not  necessarily  ojiened. 

Etiology.^ — Transverse  fracture  of  tlic  hone  is  most  common,  wliilc 
the  comminuted  form  is  m^xt  in  order  of  fi*e(jueney.  (her  four- 
fifths  of  all  fractures  of  the  jiatella  are  in  the  lower  half  of  the 
hone.  This  accident  occurs  more  often  between  the  ages  of  thirty 
and  forty,  and  is  three  times  as  common  in  males.  Museular  action 
is  probably  responsible  for  more  cases  than  is  direct  violence,  al- 
thnngh  a  combination  of  these  tw^o  eleiueuts  is  not  at  all  uncommon. 

Symptoms. — Local  pain  is  constant,  w^ith  partial  or  complete  loss 
of  extension  at  the  knee.  The  jiatieiit  is  sometimes  able  to  walk 
baekw^anl  by  dragging  the  foot  and  keeping  the  knee  hyperex- 
tended.  If  weight  is  put  upon  the  leg,  with  the  slightest  degree 
of  flexion  at  the  knee,  the  lower  extremity  buckles  and  the  [nitient 
falls.  The  condition  is  usually  simple,  although  in  severe  crnshiug 
or  cutting  injuries  the  fracture  may  be  compound  and  the  joint 
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expoHinl.     Crepitus  may  be  flicitrd   iti  the  alM4c*Tice  of  8f*par«f 
or  if  tile  parted  fragnieiitH  are  drawn  toward  **aeh  either  aiul  thi^ 


nf  Ilic  U'liKirnl   n»^rk,    w|u«^li    n 
il> .      Tli«?   fiitml  (if   lU«*  Um'v   d 


of  the  rnttre  low<»r  rvtiti 


serrated  Hurl'aces  rubbed  together.     Some  degree  of  separaliou  is 
usually  presjpiit^  which  in  many  instances  can  bi*  detecttnl  by  i«- 

Hj>eeti*)ri  alone  if  the  ease  is  seen  before  the  parts  heeome  exten- 
sively swollen*     It  is  nfteti  possible  to  lay  one  iir  two  fingers  in  thcj 


\t'llf.  OfiU.— BhnuK  II n  ununtial  cmkc  vi  fmcturc  witli  wide  st<jiiU4tion  of  buih  paMUir. 
T\w  fnicturo  t»f  thv  Irfl  p^li'lift  »»  "'  three  yunrt'  Aluiuliiig:  wJiilo  ihut  on  thn  op^Kttktte  »id« 
la  two  yiuiiK  oh).  C^hv  irvnUHl  by  the  e)i|i(*ctAnt  nir^lhod  u-hirh  rftitnlt^^d  in  fibrous  anion 
whU  MiibHetjiMont  Nf^imnitioi]  of  I  be  fi*AKrin«*r»tM*  (Jnni*  (IrNt  n^n  by  fbe  Author  tlireo  yftiy* 
after  tho  flr(»l  finrturc. 

ilr|H'i^ssit>n  existin^f  between  the  fragments.     Swelling  and  disten- 
tion nf  the  joint  follow  rapidly,  and  obliterate  the  depnwion  be- 


OF    THE    PATELLA 


597 


tweeii  the  fragiiu'Uts  m  that  the  condition  caimot  be  recognized  by 
inspeetion,  although  there  is  iiaiially  little  dit>ir\ilty  iu  rkteritiining 
the  deformity  hy  palpatioiL  The  development  of  eeeliyinosis  within 
twelve  or  twenty-four  hours  of  the  injury  is  the  rule.  It  is  usiudly 
most  pronouneed  on  either  side  of  the  patella  eorresponding  to  thi- 
positiuns  of  tlR*  lateral  fascial  tears. 

The  symptoms  of  acute  traumatic  arthritis  generally  supervene 
Within  a  few  hours  of  the  injury.  Swelling,  redness,  paiu^  tender- 
ness and  distention  of  the  joint  are  present.  When  the  joint  be- 
comes tilled,  the  tiuid  reaehes  the  surface  between  the  fragmentii 
and  produces  a  prominent  swelling  anterior  to  the  patella.  Dis- 
tention of  the  joint  cavity  causes  the  patient  to  assume  a  charac- 
teristic position  of  slight  flexion  of  the  knee  and  motlerate  eversion 
of  tilt*  thigh.  Tile  hiter  symptomn  of  fracture  of  the  patella  depend 
largely  upon  the  line  of  trcatraent  followed,  l^uiu,  swelling  and 
tenderness  are  usually  not  severe  at  the  end  of  a  week  or  ten  days, 
esjK'eially  if  measures  have  hceti  instituted  for  their  eontroK 

Bony  union  iHeldom  oeeui*s  in  cases  which  have  been  treated  by 
non-operative  methods  and  the  amount  of  impairment  in  fnnetion 
will  depend  largely  upon  the  length  and  strength  tif  the  lilirous 
union.  This  tibrous  tissue  teuds  to  stretch  with  the  sulisequent 
use  of  the  member,  so  that  it  is  not  unconnuon  for  the  patient  to 
present  hinLself  for  treatment  at  the  end  of  a  year  or  two  because 
of  pronounced  atjd  increasing  loss  of  function.  The  separation 
between  the  fragments  may  be  four  or  five  inches  or  even  more,  so 
timt  the  quadricejis  extensor  can  be  well  contracted  while  the  knee 
is  still  in  a  position  of  semiflexion.  Heeondary  separation  of  the 
fragments  is  not  prone  to  occur  if  the  lateral  fasciie  were  untorn 
at  the  time  of  injury.  Fibrous  adhesions  or  bony  union  between 
the  articular  surface  of  the  patella  and  the  femur,  may  so  fix  the 
knee  cap  that  the  thigh  muscle  cannot  move  it,  tlms  producing  loss 
of  function  of  an  eutirely  dilTerent  character, 

Diagnosia* — The  diagnosis  is  based  on  the  history  of  injury  to  the 
knee  followed  liy  prompt  loss  of  fuoction  and  other  symptoms  just 
enumerated.  Little  ditlleulty  shoidd  be  experienced  in  recognizing 
the  condition  by  inspection  and  |)alimtion  regardless  of  whether  or 
not  separation  of  the  fragfnents  exists.  Even  though  the  Irone  is 
superficial  and  easily  palpated,  nevertlieless  it  is  advisable  to  have 
an  X-ray  taken  to  aceiirately  rletcrmine  and  record  the  details  of 
the  fracture. 
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Treatment. — The  fact  that  reduction  of  the  separated  fragments 
is  indicated  in  the  treatment  of  fracture  of  the  patella,  is  uniformly 
conceded,  but  the  proper  method  of  attaining  lliis  end  has  been, 
and  is,  the  subject  of  much  discussion.  Even  at  the  present  time 
few  surgeons  agree  concerning  the  best  method  of  procedure.  Some 
are  opposed  to  opening  the  knee-joint  as  long  as  there  is  a  fair 
prospect  of  obtaining  some  kind  of  a  functional  result  by  non- 
operative  methods.     Others  take  the  position  that  every  fracture 


Fig.  G60. — Shows  the  non-oi)erative  treatment  of  fracture  of  the  patella.  A.  shows 
the  lower  extremity  fixed  on  n  posterior  splint  with  the  knee  in  a  position  of  slight  flexion. 
The  splint  is  a  straight  snlint  heavily  padded  opposite  the  knee.  Two  short  splints  are 
secured  to  the  thigh  on  eitlier  side  of  the  quadriceps  to  prevent  contraction  of  this  muscle. 
B.  shows  diagonal  strips  of  adhesive  applied  above  and  below  the  patella  to  approximate 
the  fragments.  ('.  shows  lateral  splints  applied.  D.  shows  the  lower  extremity  raised  on 
pillowH  to  relax  the  quadriceps. 


of  the  pateUa  should  be  subjected  to  open  treatment  if  the  general 
condition  of  the  patient  will  permit  of  operation.  Personal  ex- 
perienct*  and  observation  have  indicated  that  by  far  the  best  results 
follow  the  more  radical  measures.  It  is  a  well  known  fact  that  ex- 
cellent fuuittional  results  are  sometimes  seen  in  instances  in  which 
wide  sei)aration  and  heavy  fibrous  union  are  present.  But  on  the 
other  hand  the  hitrhest  percentage  of  functionally  perfect  results  is 
seen  in  eases  in  which  accurate  anatomic  reduction  has  been  accom- 
j)lished.     Conclusive   deductions   cannot,   at  the  present  time,   be 
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drawn  from  the  statistics  of  operated  cases  because  of  the  widely 
varying  and  sometimes  imperfect  technique  which  has  been  fol- 
lowed by  different  operators.  In  the  author's  opinion,  non-oper- 
ative treatment  is  only  indicated  in  old  and  feeble  persons,  or  in 
cases  in  which  separation  does  not  exist.  The  lack  of  proper  sur- 
gical facilities  and  skill  or  the  presence  of  certain  constitutional 
diseases,  such  as  diabetes,  will  of  course  act  as  contraindications 
to  the  open  treatment.  The  first  indication  in  the  treatment  of 
fracture  of  the  patella,  in  both  the  operative  and  non-operative 
methods,  consists  in  putting  the  lower  extremity  at  rest  and  in 


Fig.  661. — "Shaped"   ham  splint  with  padding  applied  to  posterior  aspect  of  lower 
extremity  and  held  in  position  by  three  strips  of  adhesive  plaster. 


instituting  measures  to  control  tlie  traumatic  arthritis.  The  lower 
extremity  should  be  placed  upon  a  posterior  splint,  which  is  secured 
in  position  by  bandages  and  strips  of  adhesive  as  shown  in  Fig. 
660.  A  snug  bandage  should  cover  the  knee  to  control  the  swell- 
ing, and  an  ice  cap  to  the  parts  will  be  found  of  great  service  in 
relieving  pain  and  modifying  the  inflammatory  reaction.  If  the 
expectant  method  is  to  be  followed  adhesive  straps  above  and  below 
the  patella  are  diagonally  placed  in  such  a  manner  as  to  draw  the 
fragments  together  (see  Fig.  660).  It  is  useless,  however,  to  at- 
tempt to  approximate  the  fragments  until  the  joint  distention  has 


subsided,  wliieh  will  not  be  sooner  than  one  week  following  the 
hi  jury.  Tliert'  is  no  method  of  ajiplyin^  these  straps,  even  after 
the  Hiiid  has  left  the  joint,  whieh  will  aeenralely  approximate  the 
fragments  if  .s«*paration  has  existed,  notwithstanding  st^t^ments  to 
the  eootrary.  This  faet  may  be  eonelusively  demonstrated  by  the 
use  of  tfie  X-ra3'  in  any  given  ease  in  which  the  fragments  are 
supposed  to  fiave  been  redui^ed.  In  the  rare  instances  in  which 
t'raeture  has  oeeurred  without  sejjaratiou  of  the  fragments,  a^  indi* 
eat«*d  by  the  X-ray,  this  method  may  be  counted  upon  to  give  a 
good  result.  In  most  cases  of  fraeture  of  the  patella  considerable 
separation  will  Ih^  found  after  everything  whieh  is  possible  in  a 
non-operative  way  has  been  aeeomplislied,  and  we  therefore  turn 
to  the  open  treatment  to  seen  re  reduction. 

Operative  Treatment— The  open  treatment  of  fraeture  of  the 
patella  is  the  ideal  metlioil,  but  stjould  not  be  attempted  unless  one 
fully  appreciates  the  untoward  possibilities,  and  is  thoroughly 
equipped  lo  carry  it  tlirougii.     If  the  eases,  in  whieh  unsatisfactory 


Fig.   663. 

Fig.  062. — Sbow»  tho  nietliiMl  of  pUring  the  sliver  wiro  nmUreMi  suturtu  lu  ftpprol 
lUKliQK  the  frai^mi^nlf^   iii   «l  trans verxe  friulure  of  \hv  piilfllH. 

Fig.  <Vti3. — Shown  i^  horizgutal  section  of  the  pfltHlItt  at  the  Mine  IpveL  Note  the  rel^ 
tive  dintribulion  of  cancelluus  nncl   lompurl  ibsiue. 


resultH  have  followed  the  open  treatment,  are  analyzed,  they  wi 
be  found  to  have  resulted  from  one  or  more  of  three  conditions, 
namely :  infection,  insecure  fixation  of  the  fragments  and  prolonged 
iimmibilizatiou  of  the  knee. 

Asepsis  tilmuld  be  perfect  in  every  detail  as  described  nndei 
*M)pini  Treatment  ol:  Fractures''  on  pa^e  754.  Infection  follow- 
ing' o[H:'rations  on  the  knee  means  not  only  failure  in  union,  bul^ 
involvement  of  the  knee-joint  wdtieh  nuiy  result  in  loss  of  function 
in  tlie  articulation,  if  not  amputation  or  death.  It  is  common  to 
find  a  elot  of  blood  in  the  joint  beliitul  the  fraeture,  whieh  should 
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bi*  iviriovi'd  lirfor*'  tln'  fra^innils  nm  hronirlit  toi^dher.  It  is  dan- 
gerous to  leave  tliis  lUad  blood  ^vlu*re  it  may  favor  subsequent  sup- 
puration (see  *M*imii  Treatment  of  Fractures,'*  page  754).     The 


Fi?.  664,— Rc<MM»t*fi'»icturp  of  fh<*  pfitplla  with  nc^mrntion  of  frA^nJ^cnti.     Tlila  is 
tH'ttr  na  the  frnfftivhit*  omilil  Tier  hrotisclit  totfHtlifr  by   mtii  optTftlive  itu»lho<J». 


FJK.  liC'j, — Simm  CUM II  aft<*r  opcriMifUH.  A  silver  wirep  mjitlri><3Ji  «uturf»  JrawN  llii' 
fr*KtiM«ntH  Into  iipfH>»iLum  »nd  I10M&  tltH'tti  tirtnly  aKRiniit  tlie  dietiilaciug  action  of  lltu 
quddricfp*.     UUiinato  retuU,  complete  restoration   of  funotion. 

fragments  sliould  be  aeeunitely  and  firmly  approximati^d  at  the 
time  of  operation  and  so  tixed  that  separation  cannot  tiike  place 
during   llie   after-treatment.     Wire    ]jroperly    placed    is   the   only 
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material  which  can  be  counted  on  to  secure  proper  and  permanent 
immobilization.  Absorbable  suture  material  has  been  strongly  ad- 
vocated and  good  results  may  follow  its  employment;  but  the  inse- 
curity resulting  from  its  softening  and  absorption  before  the  end 
of  the  third  week  should  condemn  its  use  in  fracture  of  the  patella. 
It  has  been  used  in  suturing  the  fasciae  covering  the  patella  and  in 
the  repair  of  lateral  fascial  tears  as  well  as  in  direct  suturing  of 
the  bones  througli  drill  holes.  Separation  of  the  fragments  is  likely 
to  occur  during  the  second  or  third  weeks,  which  can  only  mean 
failure  in  bony  union  with  the  possibility  of  further  separation 
through  stretching  of  the  fibrous  tissue.  Even  if  chromicised  cat- 
gut or  other  absorbable  material  could  be  counted  on  to  maintain 
reduction  until  bony  callus  relieved  it  of  strain,  we  could  not  rely 
on  the  sutured  fascia  to  withstand  the  pull  of  the  quadriceps  dur- 
ing this  period.  It  is  api)arent,  therefore,  that  wire,  securing  a 
firm  hold  directly  on  the  bony  fragments,  is  the  most  satisfactory 
method  of  fixation.  The  structure  of  the  patella  should  be  remem- 
bered while  securing  the  fragments.  The  wire  should  be  so  placed 
that  it  obtains  its  hold  on  the  compact  shell,  rather  than  on  the 
internal  cancellated  tissue,  which  is  likely  to  give  way  under  strain 
and  allow  the  loop  of  wire  to  tear  out.  This  is  best  accomplished 
by  a  mattress  suture  of  wire  as  described  later  on.  The  more  se- 
cure the  internal  fixation,  the  safer  is  the  early  employment  of 
passive  motion;  and  early  passive  motion  is  most  essential  in  re- 
establishing the  function  of  the  joint.  Its  proper  use  will  be  de- 
scribed in  the  after-treatment.  Loss  of  function  and  **painful 
joint '^  sometimes  occur  in  cases  in  which  proper  reduction  and 
bony  union  have  followed  the  injury.  These  conditions  are  almost 
entirely  due  to  the  lack  of  early  passive  motion.  The  joint  should 
be  moved  not  later  than  two  weeks  from  the  time  of  operation,  but 
passive  motion  has  its  risk,  if  fixation  of  the  fragments  is  not  solid, 
and  should  not  be  attemi)ted  without  proi)erly  guarding  the  patella 
from  the  action  of  the  quadriceps. 

The  following  technique  in  operating  on  fractures  of  the  patella 
has  proven  the  most  satisfactory  in  the  author's  hands  and  may 
be  considered  the  procedure  of  preference  in  most  cases.  An  in- 
cision is  made  exi)osing  the  fragments;  it  may  be  longitudinal  and 
directly  over  the  fracture  or  of  the  U-shape  coumionly  employed 
in  operations  on  the  knee.  With  the  fragments  exposed  and  sepa- 
rated the  clot  which  is  usually  found  behind  the  fragments  is  re- 
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moved  witfi  tlnuiib  foret^ps.  Bony  contact  is  esseutial  and  if  fascia 
is  foimfl  f^oveivins?  one  of  tlie  fractiuvd  surfaces  (usually  the  lower) 
it  kIiuuIiI  hv  raivfiilly  rcitiovrd  hrfore  the  friigtn*  uts  aiN'  l>rout?ht 
together.  In  transiverse  fracture  of  the  patella  holes  are  drille<t 
in  ea<^h  fragment  so  that  the  drill  enters  the  anterior  face  of  the 
patfOla  and  euuies  out  on  thr  fraetured  surfaee.  Two  such  parallel 
hoh'K  nre  drilled   in   t-at-h    fragiut^nt   so  that   the   openings  on   the 


Fig-.  666. 


Fig,  6t^7. 


Fi|f.  tjiiTK — Wirt'cl  fnii'lurp  uf  tJu«*  iiuk'lW  three  yii^nr?*  rif'tr  injmrj,  FiiriHir>ii  i\^ 
n»  b«?f<ire  acrirlenl.  Note  iiilv*'r  wire  whirh  rrnsiH's  lin**  cif  frnrtiire  twiro  Imt  dnr** 
not  ctitrr  joint,     Arcident  in    ItiOo;   wire  in  i»l«(e  ol  iht*  pfesiii.i   lime. 

Fiif.  f^67. — \Vir*'d  frm'tnrp  nt  \lu*  fsalflhi  (wo  >«»«rH  follnwiiie  ncridfiit,  l*«lii»nl 
fuiled  lo  follow  inslnnMinns,  jjot  nnt  *»f  Uvt}  nud  walked  about  nt»nrtly  nfn't  openitif>n 
with  th«B  r«if(iilt  (kittt  th**  wirr  wjih  hrnkrMi,  It  hi*ld,  howpvpr.  tdi  n'u'irnilv  w««l1'  (*>  nrrurc 
»  funcijonHlly  p<*rf*»ft  re«n!i.  Thif*  en^e  di'mrmitilrnies  the  advUabiUty  of  nfiiim;  heavy  iriro 
wMeb  ii  ftB  wrll  tolernted  b)'  ihi"  tmiiU4*»<  n^  lit^htiT  rnnt.<>ruil.  Compiir«!t  fhi(»  I'liMf  with 
Ih*  ono  sliovu   In   Fik*.   Ii<i5   wnd    nott*  (hr   lijtr  of   th<*   wire. 

fractured  surfaces  are  oppcsitr  tli**  corresponding  openinj^  of  the 
holes  on  the  otlu^r  fra^ni<'iit.  A  heavy  silver  wire  is  then  threaded 
through  these  holes  so  that  the  two  ends  are  above  the  line  of  frac- 
ture (see  Fig.  662).  The  fraguients  are  then  drawn  together  until 
they  are  in  firm  apposition  and  thon  the  ends  of  the  wire  are 
twisted  together,  cut  otT,  and  turned  in  toward  tlu'  hone.  This 
mattress  suture  will  seeurely  hold  tlic  fragmeutti  in  simple  tranfeiverBti 
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fracturo  of  the  patella  and  in  addition  may  be  made  to  work  well 
when  three  fragments  are  present  instead  of  two.  In  the 
presence  of  comminution  it  may  1h^  impossible  to  make  the 
mattress  suture  hold  because  of  the  breaking  up  of  the  compact 
tissue,  and  when  such  is  the  case  a  circular  wire .  surrounding  the 
comminuted  boiu*  may  serve  the  purpose.  A  specially  formed  Lane 
plate  has  been  devised  to  be  used  on  the  patella  but  the  nature  of 
the  bone  and  the  difficulty  of  making  the  sc»rews  hold,  results  in 
wire  being  the  material  of  choice  in  the  open  treatment  of  this 
fracture.  When  the  wire  is  placed  there  should  be  no  motion  in 
the  fragments  nor  in  the  wire:  in  other  words  the  fixation  should 
be  as  secure  as  possible,  to  obtain  the  best  results.  The  knee  should 
be  flexed  and  extended  Ix^fore  the  wound  is  closed  to  see  that  the 
action  of  the  joint  does  not  disturb  the  fixation.  The  skin  incision 
is  then  closed  and  a  few  strands  of  silk-worm  are  left  in  the  lower 
angle  of  the  wound  to  allow  the  escape  of  fluids  following  operation. 
If  the  vertical  incision  is  employed  directly  over  the  fracture,  a 
subcutaneous  running  suture  should  be  so  placed  that  it  will  bring 
as  nuich  of  the  soft  tissues  between  the  fracture  and  the  skin  as 
possible. 

Fracture  of  the  patella  is  sometimes  compound  from  the  first, 
with  the  joint  exposed  and  infected  at  the  time  of  the  accident. 
When  such  is  the  case,  the  condition  of  greatest  importance  is  in- 
fection of  the  knee-joint.  This  is  a  serious  matter  and  if  not  prop- 
erly controlled  may  necessitate  amputation,  or  may  even  result  in 
death  from  a  general  sepsis.  The  opening  of  the  joint  should  be 
increased  in  size  if  not  already  sufficiently  large,  and  the  edges  of 
the  wo\ind  should  be  trimmed  away  until  all  traces  of  crushed  and 
devitalized  tissue  arc  removed.  The  joint  should  then  be  irrigated 
with  a  few  gallons  of  warm  physiologie  salt  solution.  In  irrigat- 
ing the  wo\ind  a  soft  rul)l)er  catheter  should  be  used,  and  carried 
to  the  innermost  recesses  of  th(*  articulation  so  that  the  flow  will  be 
direete<l  from  the  interior  of  the  joint  to  the  surface.  After  the 
articulation  has  been  thoro\ighly  washed  out,  the  soft  tissue  should 
be  accurately  ai>|)roximated  and  the  joint  closed  as  tightly  as  pos- 
sible with  the  idea  of  preventing  subsequent  leakage.  The  cavity 
of  the  knee  is  tlu'n  injected  \\ith  ^lurphy's  Formalin  Glycerine 
solution,  the  patient  ])ut  to  bed,  the  lower  extremity  elevated. 
Hu<-k's  extension  applied  and  an  ice  cap  kept  on  the  knee.  Sub- 
se(iuent    injections   of   the    formalin    glycerine   solution   are   made 
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ai^eordiiig  to  the  amoimt  of  leakagi'  through  the  ineision  and  the 
iTaetiou  oeeiirririg  in  the  artknilatioD.  This  njothod  of  trt?tttiiig 
iiifei'ted  joints^  devised  by  Murpliy,  is  productive  ol:  siieli  vastly 
better  results  that  no  other  form  of  treatment  should  be  considered 
until  after  this  lias  been  tried.  If  suppuration  of  the  joint  can 
he  avoided  in  this  way,  suturing:  the  patella  tnny  he  done  at  the 
end  of  two  or  two  and  a  half  weeks  wheu  the  dan^^ers  of  articular 
in  feet  ion  have  i>assed. 

Suturing  of  the  patella  iraraediately  follo^ving  the  accident 
should  not  he  done  in  compound  cases.  The  joint  infection  should 
be  treated  tirst  and  the  fracture  ledueed  in  a  seroudary  oiieratiou. 
If  infection  of  the  joint  cannot  be  controlled  by  the  initial  irriga- 
tion and  subsiMjuent  injection,  it  should  bo  of^eued  and  freely 
drained,  and  under  sueh  eireuinstauees  ai»proxiuiatiou  of  the  patella 
will  be  of  little  importance,  since  aiikylosis  of  the  kiiee*joiut  will, 
in  all  probability,  hr  t!u/  result.  Tf  the  aceidi-nt  occui's  iu  a  region 
of  the  country  in  which  tetanus  [>revails,  tht'  jiatieut  sfjoubl  re<*eive 
a  prophybu'tic  dose  of  auti-h'tanie  scrum. 

When  oprrafiou  i.s  (hirtr  for  tht*  seeouflary  separation  which 
-soToetinies  tullous  tihrous  unhuj  the  ruelho^l  of  proecdiu'i*  is  similar 
to  that  already  dcserilKnl.  The  .fibrous  tissue  between  the  frag- 
ments should  bp  exeist*d  and  tht*  fractured  surfaei^s  freshened  and 
approximated,  Tt  uiay  oci^aaionally  lie  ue^'essary  to  lengthen  the 
quadriceps  above  the  patella  to  bring  the  fragments  together. 
When  the  patella  is  attached  to  the  troehb-ar  surfaer  by  ailhesious 
it  may  be  possilile  to  free  it  by  forced  passive  niotiem  u rider  anes- 
thesia. If  the  adhesions  are  too  firm  to  be*  broken  U|>  iu  tliis  man- 
ner  it  may  be  necessary  to  0[>cn  the  joint  and  divide  them  with 
the  scalpel,  Tf  the  a*lhesions  are  extensive  ami  show  a  tendency 
to  reform,  a  transpl aided  layer  of  fascia  lata  may  he  sutured  in 
position  to  cover  thi^  artieular  surface  nf  the  patella.  Early  passive 
motion,  re|)eated  at  regular  intervals,  wdl  then,  as  a  rule,  re-sult  in 
a  freely  movable  patella  and  good  articular  function. 

After-Treatment. — The  length  of  the  after-treat uieut  will  vary 
aceordint;  to  whether  or  not  the  open  uudhod  has  been  employed. 
If  expectant  treatment  has  been  followed  iuuuobilization  of  the 
knee  is  required  for  from  six  weeks  to  two  mouths,  after  which 
guarded  passive  motion  is  indicated.  During  the  use  of  the  splint 
the  dressings  should  be  carefully  watched  and  tightened  to  keep 
them  in  proper  position.     The  diagonal  straps  which  tend  to  pull 
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tb^  fraipniiite  iii^^hffr  mrt^  lHudj  to  beeooK  bs,  fijWTially  m  tlie 
joiiii  diii«ittiiMi  «uli«<k«.  Ihtriiig  tht  tinA  Hro  or  thff^  wnks,  paAiJ 
Amikl  be  bffpt  oo  dtbrr  odi?  of  ihe  qttMfrkrps  and  fiml j  huidaeed 
ill  pmiiUni  to  fpr#-v#'nt  roDira'-tion  of  this  niiBirle.  Dnring  tlic 
MM$it  of  urtif'iiUr  fnflatnmation  the  local  appUcatiim  of  die  iee-eap 
will  fn'  fmimi  of  ni^nrke  in  eonlrDlliiig  the  r^^ietion.  The  lower 
i'ttremiiy  nhorilrj  he  He%ated  on  an  inclined  plane  to  faroF  the  eir- 
Illation  of  the  pniin  and  rdax  the  extensor  thi^h  mtiaeles.  Aeeu* 
rut*'  aftproximatton  of  the  fragnienta  iii  practically  impossible  in 
the  nonofiertitive  treatment,  ait  previously  stated^  and  during  the 


Fif.  HflH.  Molhml  of  ikcrfurming  pAMKivi^  molum  in  Ihe  ircatmem  of  fmftnri'  of  ihe 
pMnlilift.  ThiH  1t*rt  Itniitl  iMniiw  down  on  ilio  imklf*  thus  HfxiiifC  the  knf^  whiU  the  rifhl 
nfttiil    inikhon   cUnvntVttrH    on    th»'    imlrUii    in    rrlitnc  ihv   fracture   of   the  puU   of   thtt  qwi^r 

tinii*  I  he  jtviiit  is  distended  it  will  be  useless  to  even  attempt  dimin- 
ishing tht^  dcirree  of  separation;  when  the  fluid  has  left  the  joint 
tile  distance  bi^tween  them  may  be  somewhat  decreased  by  the 
proper  application  of  strap:!.  At  the  end  of  two  monllis  the  8{»liiit 
may  be  discarded  and  the  patient  allowed  to  get  about  on  cmtdwaj 
with  some  more  convenient  form  of  joint  immobilijcatioii.  A 
of  the  K^  may  Iv  made,  split  up  the  front  before  tliOToni^hljr  dned  j 
and  removttL  After  the  plaster  is  set  the  cast  mjgr  be  covered  witli  1 
aome  durable  material  and  strips  of  leather  with  haoki;  applkd  foj 
the  etlges  on  either  side  of  the  opening.     In  tUs  waj  Ika  cm 
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be  removed  at  night  for  th<*  purpose  of  massage  and  motion  of  the 
joint.  During  the  day  it  is  worn  and  when  snugly  laeed  immo- 
bilizes the  knee  and  protects  the  patella  from  Rtraiu,  Mntioji  of 
tlie  knee  in-volvinpr  strain,  sueli  as  walking  without  splint  or  east, 
should  be  prohibited  inside  of  from  six  to  eight  months.  Exeep- 
tional  muscular  strain  should  be  avoided  for  a  year.  If  fibrous 
union  is  heavy  and  short,  the  time  may  be  eonsideralily  shortened. 
If  it  is  weak  and  shows  a  tencleney  to  streteh,  the  period  of  Hxation 
and  iirotL'ction  of  the  knee  shonld  be  increased. 

The  period  of  disability  following  the  open  treatment  is  strik* 
ingly  shorter  than  that  just  deserihed.  The  lind)  should  be  kept 
on  a  posterior  splint  as  dcscrilKHl  in  the  after-treatment  of  nn- 
operated  cases.  The  dressings  should  be  removed  at  the  end  of 
tw^o  weeks  from  the  time  of  operation,  and  passive  motion  insti- 
tuted, provided  the  internal  fixation  was  pro|H*rly  ami  seeurel}' 
accomplished  at  the  time  the  joint  was  opened. 

The  manner  of  performing  pas^sive  motion  is  of  consi<lerable  im- 
portance: the  knee  may  be  so  flexed  that  the  entire  strain  of  the 
thigh  muscles  is  throw^n  on  the  patella,  or  it  may  be  so  accomplished 
that  the  fracture  is  entirely  relieved  of  the  pull  of  th(*  quadriceps. 
When  the  knee-joint  has  heen  fixed  for  a  period  of  two  or  three 
weeks  and  the  joint  has  suffered  the  inflammatory-  reaction  incident 
to  traumatic  arthritis,  it  will  be  im|K>ssil)lr  to  aceomplish  passive 
motion  withont  protbu'ing  sjTiism  in  the  quMdrieeps,  and  it  is  this 
spasm  which  shonld  be  guarded  against.  If  the  surgeon  places 
the  lower  extremity  across  his  knee  while  one  hand  gras^js  the 
ankle  and  the  opposite  index  finger  and  thumb  are  pressed  into 
the  thigh  just  above  the  upper  border  of  the  patella,  he  will  be  in 
a  position  to  perform  passive  motion  and  still  proteet  the  patella 
from  the  spasmodic  action  of  llie  (|uadriecps  (see  1^'ig.  668).  As 
the  ankle  is  depressed,  thus  flexing  the  knee,  the  opposite  hand 
forces  the  patella  downward  towards  the  knee  and  takes  up  the 
strain  of  the  contracting  extensors  of  the  tliiglh  This  is  the  only 
way  in  which  early  passive  motion  can  be  perlormcd  without  risk. 
Slight,  snapping  sensations  arc  sometimes  Pelt  by  the  hand  which 
forces  the  patella  downward,  but  there  is  no  cause  for  alarm  since 
they  are  produced  by  the  breaking  up  of  adhesions  in  the  joint 
which  at  this  time  are  too  imperfectly  organized  to  act  as  serious 
obstacles  to  motion. 

At  the  end  of  eight  or  ten  WTcks,  the  patient  is  allowed  to  get 
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about  without  any  fixation  apparatus.  It  is  well  for  him  to  carry 
a  cane,  and  favor  the  injured  knee  for  another  two  or  three  weeks, 
and  he  should  be  especially  cautioned  against  unusual  and  excessive 
strains  until  four  or  five  months  have  elapsed  from  the  time  of  the 
injury.  It  is  well  to  have  another  X-ray  taken  at  the  end  of  three 
months  to  determine  the  presence  of  bony  union.  The  heavier  the 
union,  the  h'ss  caution  is  necessary. 

Prognosis. — The  restoration  of  function  following  fracture  of  the 
patella  is  a  variable  quantity.  Fibrous  union,  even  to  the  extent 
of  two  or  three  inches,  does  not  necessarily  indicate  that  the  pa- 
tient may  not  enjoy  most  excellent  function.  On  the  other  hand, 
accurate  reduction  and  firm  union  does  not  necessarily  indicate  that 
the  kn(»e  will  b(»  reston»d  to  its  original  usefulness.  The  percentage 
of  functionally  p<»rfect  results,  however,  is  much  higher  in  cases 
in  which  bony  union  is  present.  In  the  ordinary  fractured  patella 
we  can  hardly  expect  complete  n^storation  of  function  with  any 
form  of  non-operative  treatment.  The  power  of  extension  is  likely 
to  be  decreased,  and  the  action  of  the  joint  impaired,  although  it 
is  not  uncommon  to  find  complete  flexion  possible.  When  fibrous 
union  occurs,  it  will  be  impossible  to  state  whether  this  union  will 
be  heavy,  stronjr  and  efficient,  or,  on  the  other  hand,  thin,  weak 
and  permitting;  of  subsetjuent  S(»paration  of  the  fragments.  Weak- 
ness and  painful  joint  are  common  sequelae. 

The  results  following;  the  open  treatment  are  vastly  better,  pro- 
vided the  three  HMiuisites  previously  mentioned,  are  observed, 
namely :  avoidanec  of  infection,  secure  internal  fixation  of  the  frag- 
riKiits  find  early  and  persistent  passive  motion.  Under  such  cir- 
einustances  the  us\ial  result  is  complete  and  permanent  n^storation 
of  In  net  ion,  together  with  absence  of  pain  in  the  articulation. 


CHAPTER  XLII. 

DISLOCATIONS  OF  THE  PATELLA. 

Surgical  Anatomy. — There  are  a  few  anatomical  facts  bearing 
directly  on  dislocations  of  the  patella,  to  be  taken  up  at  this  time 
without  entering  into  the  details  of  the  knee-joint,  which  were 
considered  under  fractures  of  the  patella.  The  pull  of  the  quadri- 
ceps is  upward  and  in  a  direction  parallel  with  the  long  axis  of  the 
femur.  The  ligamentum  patellae  lies  in  the  long  axis  of  the  tibia 
and  since  the  axis  of  the  tibia  is  not  the  same  as  that  of  the  femur 
it  will  be  apparent  that  the  pull  of  the  quadriceps  (with  the  leg 
extended),  is  not  in  line  with  the  long  axis  of  the  ligamentum 
patella*.  It  is  evident,  therefore,  that  when  the  quadriceps  con- 
tracts it  not  only  pulls  the  patella  upward  but  also  tends  to  displace 
it  outward.  This  tendency  toward  outward  displacement  of  the 
patella  is  normally  counteracted  by  the  outer  lip  of  the  troch- 
lear surface  of  the  femur  and  the  attachments  of  the  capsule 
and  fascia  lata.  When  the  capsule  and  fascia  lata  internal 
to  the  patella  are  lax,  or  when  the  outer  lip  of  the  trochlea  is  not 
sufficiently  prominent,  the  bone  may  bo  displaced  outward  on  vio- 
lent contraction  of  the  extensors  of  the  thi^li.  The  angle  at  which 
the  tibia  joins  the  femur  varies  considerably  in  different  persons. 
It  is  usually  greater  in  women  because  of  the  proportionately 
broader  pelvis  and  greater  divergence  of  the  femora.  The  angle 
is  greater  in  short  stocky  pei*sons  than  in  those  of  tall  and  slender 
stature.  If  the  knee  be  fully  extended  and  tlie  quadriceps  relaxed 
the  patella  will  be  found  (|iiite  freely  movable  from  side  to  side 
as  well  as  vertically.  If  the  lower  extremity  be  kept  in  the  same 
position  and  the  thigh  muscl(»s  tightened  the  patella  immediately 
becomes  fixed.  This  is  due  largely  to  the  vertical  groove  in  the 
trochlea  and  the  corresponding  ridg(»  on  the  articular  surface  of  the 
patella.  It  will  thus  be  seen  that  although  the  quadriceps  has  a 
lateral  displacing  action  on  the  patella,  yet  the  contraction  of  this 
muscle  also  tends  to  prevent  lateral  displaccMuent  (if  the  fascial 
attachments  and  trochlea  are  normal)  by  forcing  the  patella  into 

GUll 


610  FRACTURES   AND   DISLOCATIONS 

the  groove  on  the  trochlea.  The  muscles  and  fasciae  attached  to  the 
bone  often  tend  to  fix  it  in  displacement  after  dislocation  has  oc- 
curred. The  patella  may  be  dislocated  in  any  direction  and  is  not 
uncommonly  found  rotated  on  its  axis.  If  the  patella  is  displaced 
laterally  until  it  clears  the  trochlear  surface,  or  the  bone  is  com- 
pletely rotated  on  its  axis  so  that  the  articular  face  looks  forward, 
the  dislocation  is  said  to  be  complete.  If  portions  of  the  articular 
surfaces  remain  opposed  or  if  the  bone  stands  on  edge  the  condition 
is  incomplete  and  is  spoken  of  as  a  subluxation.  These  distinctions 
are  of  degree  only,  and  are  more  academic  than  practical.  The 
same  may  be  said  of  the  classifications  based  on  the  details  of  the 
possible  positions  occupied  by  the  patella  during  displacement. 


F 


Fig.   669.  Fig.   670.  Fig.   671. 

Fig.  669. — Nonnal  relations  between  patella  and  lower  end  of  femur. 
Fig.   670. — Patella  luxated  outward.     Most  common  type. 

Fig.  671. — Represents   patella   displaced    outward   and   "on   edge."     Also  rotation   of 
patella  so  that  the  posterior  surface  looks  forward. 

Etiology. — Luxations  of  the  patella  constitute  less  than  one 
percent  of  all  dislocations.  Displacement  may  be  in  any  direction 
although  the  external  lateral  type  is  by  far  the  most  common.  The 
condition  may  be  partial  or  complete.  It  is  more  common  in 
women  than  in  men ;  in  short  persons  than  in  tall.  Muscular  action 
is  often  responsible  for  this  luxation,  although  it  may  be  caused  by 
direct  violence.  A  combination  of  these  two  elements  is  not  un- 
common. 

Symptoms. — Sharp  pain  occurs  at  the  time  the  bone  is  pulled  or 
driven  out  of  place,  and  unless  spontaneous  reduction  occurs  (which 
is  not  uncommon)  there  will  be  immediate  loss  of  function  with 
deformity  which  can  be  readily  recognized  both  by  inspection  and 
palpation.  Following  the  accident  symptoms  of  acute  traumatic 
arthritis  develop  although  they  are  seldom  as  severe  as  those  accom- 
panying fracture  of  the  patella.  The  deformity  varies  with  the 
type  of  displacement.  Recurrence  of  luxations  of  the  patella  are 
not  uncommon  and  may  constitute  a  most  annoying  and  disabling 
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condition.  In  niaay  (^a-ses  tht^  patient  will  know  just  what  pasition 
of  the  knee  or  what  form  oi'  Btraiu  Ls  productivt*  of  the  displace- 
ment, and  is  alw^ays  on  his  ^niard  to  avoid  the  eondition  while  using 
the  lower  extremity, 

DiagBosis. — If  the  surgeon  sees  the  eondition  prior  to  reduction, 
he  may  reeoLrnizc  tlie  displacenient  by  the  characteristic  deformity. 
Patpation  of  the  parts  will  readily  dcterniiJie,  not  only  tlie  fact  that 
the  patella  is  displaeed  but  also,  the  lype  of  luxation  present.  In 
ijiHtanees  in  which  the  dislocation  has  heen  corrected  or  spon- 
taneous reduction  has  taken  place,  it  may  be  difficult  to  dift'erenti- 
ate  the  condition  from  a  fractured  or  luxated  semilunar  cartilage. 
A  cart^ful  history  ami  exarninatiou  of  the  parts  will  usually  result 
in  determining  which  of  the  two  conditions  has  occurred. 

Treatment — As  a  rule,  little  difficulty  is  experienced  in  returning 
the  patella  to  its  proper  position.  The  knee  should  l>e  maintained 
in  complete  extension,  while  the  thigh  is  flexed  on  the  abdomen  to 
relax  the  quadriceps  extensor.  If  the  patella  does  not  then  slip 
liack  into  [dace  of  itself,  slight  tJianipulation  will  usually  sufTiee  to 
reduce  the  luxation.  Before  manipulation  is  attempted  the  snr- 
gt^un  sliould  have  learned  the  relations  of  the  displaeed  hune  by 
palpation,  so  that  he  may  cause  it  to  retrace  the  course  taken  it  the 
time  of  the  accident  When  the  patella  is  found  rotated  on  its 
vertical  axis  it  is  parlicularly  ne*'essary  that  the  snrgeon  know  in 
which  direction  iTitation  has  taken  place.  This  is  readily  deter- 
iiu'ned  by  palpation  of  the  muscle  above,  and  the  ligamentum  pa- 
tidlii^  below.  It  is  extremely  rare  to  encounter  difficulty  in  reduc- 
tion if  the  above  manipnlations  he  followed  out,  but  should  such 
occur,  complete  relaxation  of  the  quadriceps  nuiy  be  had  under 
anesthesia .  In  old,  nn reduced  dislocations  of  the  patella  reduction 
may  be  impossible  by  ordinary  methods,  and  under  such  circum- 
stances it  may  be  necessary  to  resort  to  open  treatment. 

Operative  Treatment.— Reduction  of  recent  dislocations  of  the 
[tatelbi  hy  the  open  method  is  rarely  necessary.  In  old  luxations 
and  ill  instances  of  recurrent  dislocations  operative  treatment  is 
often  the  ordy  method  which  will  give  satisfactory  results.  In 
either  of  these  conditions  the  bone  may  be  exposed  by  a  vertical 
iueision  or  by  tlie  usual  U-shaped  incision.  In  old  hixations  it  may 
be  necessary  to  break  up  old  adhesions  and  cut  through  sear  tissue 
before  the  bone  can  be  returned  to  its  original  position, 

A  number  of  methods  have  been  advised  and  employed  for  the 
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corret'tion  of  recurrent  disloeations.  The  tubercle  of  the  tibia, 
with  its  attached  lipiiiientuin  patelhe,  may  })e  ehim*led  oflF  and  re- 
attached to  the  tibia,  internal  to  its  original  position,  so  that  the 
pull  of  th(»  (|uadriceps  is  straightened,  and  the  muscle  thus  loses 
its  outward  displacing  action  on  the  patella.  Another  method  con- 
sists in  i)lication  of  the  internal  portion  of  the  capsule  or  in  the 
repair  of  a  rent,  if  one  exists,  thus  securing  the  inner  border  of 
the  pat(»lla  so  that  it  cannot  be  displaced  outward  by  the  pull  of 
the  quadricrj)s.  Still  another  method  consists  in  increasing  the 
promineiKM*  of  the  outer  lip  of  the  trochlea  by  dividing  it  from 
the  femur  and  disi)lacint^'  it  forward.  The  first  two  methods  are 
to  be  preferred  to  the  last.  In  any  of  these  operations  the  most 
strict  as(*psis  is  deiiumded,  (^specially  if  tlh^  joint  is  opeiu*d. 

After-Treatment. — Following  reduction,  the  kn(»e  should  be  put 
at  rest  on  a  ham  si)lint,  and  measures  instituted  for  the  control  of 
the  traumatic  arthritis.  Snug  bandaging,  and  the  use  of  the  ice 
cap  will  usually  be  followed  by  subsidence  of  swelling  within  a 
few  days.  ^Vhen  th«*  inflammatory  reaction  has  passed,  the  knee 
should  be  strapper!  with  surgeon  s  plaster  to  steady  the  patella, 
aiid  the  ])atient  should  be  cautioned  to  avoid  unnecessary  strains. 
The  position  of  the  knee  in  which  the  luxation  occurred  is  particu- 
larly dangerous. 

Prognosis.  Dislocations,  resulting  from  direct  violence  are  likely 
to  be  followed  by  c()mj)let«*  restoration  of  function,  unlt»ss  the 
trauma  was  st^ven'  and  resulted  in  injury  to  the  joint  greater  than 
that  (H-curring  in  tin*  ordinary  i>atellar  luxation.  Dislocations  re- 
sulting^ from  nniscular  action  are  likely  to  recur  at  some  later  date. 
K(M'urn*iit  (iislocations  are  usually  followed  by  good  results  if  ap- 
propriately operated.  In  old  unreduced  dislocations  n*8toration  of 
function  may  Im'  <ielayed  or  incomplete  as  a  result  of  articular 
(•haiiLres  oeeiirriii^^  while  the  bom'  was  displaced. 


CHAPTER  XLIII. 

DISLOCATIONS  OF  THE  KNEE. 

Surgical  Anatomy. — In  some  of  the  lower  animals  the  knee  is 
composed  of  three  distinct  articulations.  One  between  the  outer 
tuberosity  and  the  outer  femoral  condyle,  another  between  the 
inner  tibial  tuberosity  and  the  inner  condyle  of  the  femur  and  the 
third  between  the  patella  and  the  femur.  In  the  human  knee  we 
have  the  analogues  of  these  three  joints  although  they  are  all 
merged  into  one.  The  crucial  ligament  attached  to  the  inner  con- 
dyle corresponds  to  the  external  lateral  ligament  of  the  inner  articu- 
lation, and  the  crucial  ligament  attached  to  the  outer  condyle  is 
analogous  to  the  internal  lateral  ligament  of  the  outer  articulation. 
The  knee-joint  is  the  largest  and  one  of  the  most  complicated  in 
the  body.  The  proper  apposition  of  the  articular  surfaces  depends 
almost  entirely  on  the  ligaments  holding  the  bones  together,  and 
when  these  structures  are  lacerated  it  will  be  necessary  to  allow 
sufficient  time  for  them  to  become  completely  and  firmly  healed 
before  the  joint  is  subjected  to  any  strain  whatever.  The  liga- 
ments binding  the  tibia  to  the  femur  are  the  posterior  ligament,  the 
internal  lateral,  the  external  lateral  (divided  into  two  parts),  the 
capsule  and  the  crucial  ligaments.  The  two  lateral  ligaments  limit 
lateral  motion  when  the  knee  is  in  the  extended  position  but  are 
much  less  effective  in  this  respect  when  the  knee  is  flexed.  In 
the  flexed  position  the  crucials  perform  this  function.  The  pos- 
terior ligament  limits  extension  of  the  knee.  The  anterior  liga- 
ment, however,  does  not  limit  the  flexion  of  the  joint  since  it  has 
no  attachment  on  the  femur.  It  serves  simply  as  the  insertion  of 
the  quadriceps,  the  tonic  action  of  which  muscle,  acting  through 
the  tendon,  helps  to  keep  the  articular  surfaces  opi)osed  in  what- 
ever position  the  joint  may  be.  The  semilunar  cartilages,  and 
their  ligaments  (the  coronary  and  transverse)  are  dc^scribed  under 
the  heading  of  ** Fracture  and  Dislocations  of  the  Semilunar  (.-arti- 
lages,'*  page  587.  The  li^amentum  iiiucosuni  and  alaria  are  siiiii)ly 
reduplications  in  the  synovial   membrane  and   together  with  the 
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f*riii4als  ivi>rpsont  the  division  of  tiu^  joint  into  two  lati-ral  halves. 
pivviouHly  n^tVrred  to.  The  boiu^s  entering  into  the  formation  of 
Uie  knef'-joiut  are  longf,  and  hence  tiie  leveragre  exerted  against 
the  ligaments  of  the  joint,  is  eonsiderable.  Tlie  artieular  surfaces 
of  the  tihia  and  feunn*  r*onforni  to  each  other  only  poorly  and  the 


Fig.  (j7:-^ 

Fif^.  tiT'J.- — Liji^iimt'iiM  of  ihw  kiu-e,  /./.,►  Inlernftl  Intcral  U|rami>nl;  K./*.,  Kxternal 
Inlf^ntl  ligam»>nl;  F.,  Fetnur:  T.,  Tibin;  F.  (1ih»I«wJ,  Fibuilo ,  dm.,  Condyl«s.  Between 
the  (vro  cotidylftft  mjiy   he  Bfcn  the  cnic'iikl  lif(ntnentR. 


meiUuni 


Fttf.   1573. — Ligaments   of   the   kiiet*.      I'.,    Pali'Ilii.'    T.,   Tibia;    F.^   Fibul«;    L,F.t   LifA- 
uni   l*utji?lhi?;   T.T.,  Tih\n\  TiilrK*rf  li? ;   (\,  CiipHiiir. 


hnrdrii  ol'  hohiijig  these  surfaces  together  resti*  entirely  with  the 
ligiuiients.  The  strength  of  these  ligamonta,  however,  is  such  that 
dislueatiuns  of  the  knee  «re  ♦  xtremely  rare.  It  is  more  eoinmon  for 
unumial  strain  to  j>rodiu*e  frneture  than  to  tear  tlie  ligaments. 
Fracture  produi*ed  in  this  way  moat  often  consists  in  the  avulsion 
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of  a  small  scale  of  bone  eoiTesponcling  to  the  insprlion  of  the  liga- 
Tiiorits  onto  the  tiiherosity  of  tlie  fi'iiiur  or  tihia.  In  some  instances, 
however;  an  entire  eontlyle  may  be  broken  off  by  the  pnll  of  the 
ligament.  AVitli  the  knees  extended  and  the  heels  together,  the 
legs  are  parallel,  while  the  fi^nora  diverge  to  ineUide  the  pelvis 
between  them  at  their  upper  ends.  It  is  apparent  therefore  that 
the  axes  of  the  tibia  and  femur  are  not  in  the  same  straight  line. 
This  latei-al  angle  at  tlie  knee  results  in  greater  strain  being  thrown 
on  tlie  intermjl  latend  ligament,  when  longitutlinal  eompression 
stress  is  brought  to  Ix^ar  on  the  lower  extremity.  Aeeorclingly  rup- 
ture of  this  ligament  is  more  eonniion  than  rupture  of  the  external 
lateral  ligament.  If  tlie  ligament  is  torn  between  the  fenuu'  and 
the  semilunar  cartilage,  the  cartilage  will  remain  attaehed  to  the 
tiliia,  whieh  it  will  follow  in  displacement.  If  the  tear  is  below 
the  cartilage  the  reverse  will  be  true. 

The  most  common  dislocation  occurring  at  the  knee  is  so  slight 
as  to  Hea reefy  deserve  the  \vvm  of  suhliixation.  It  consists  in  a 
tearing  of  the  internal  hittral  ligament  so  that  the  leg  may  be 
deviateil  outward  ami  the  inner  condyle  and  tibial  tuberosity  may 
t>e  separatetl  a  slight  distanei',  Disloeations  of  the  knee  are  elaasi- 
tied  aeeording  to  the  liireetion  taken  by  the  tibia.  Accordingly 
there  are  anterior,  posterior,  internal  and  external  luxations  of  the 
knee.  In  atldition  then*  is  anotlier  type  of  dislocation  in  which 
the  tibia  is  rotateil  on  tlie  fenmr. 

Tile  relation  of  the  po|>liteal  artery  directly  behind  the  articu- 
lation is  of  im|»ortanei'  as  already  described  umler  *' Fractures  of 
the  Ijower  Emi  of  the  Femnr/'  The  po^^liteal  nerve  situated 
somewhat  more  supertleially  in  the  popliteal  space,  and  the  pero- 
neal nerve  [>assing  from  bt^liind  the  knee  to  the  outer  side  of  the 
leg  where  it  winds  arouml  the  head  of  the  libula,  are  sometimes 
injnriHl  in  dislocations  of  the  knee  as  evidenced  by  sensory  and 
motor  disturbances  throughout  tlieir  areas  of  distribution. 

The  most  important  motion  in  the  knee-joint  is  that  of  the  hinge 
tyfjfv.  In  atklition  to  this  there  is  a  slight  gliding  action  between 
the  femoral  condyles  and  the  tibia,  and  when  the  knee  is  flexed 
there  is  a  slight  rotary  motion  between  the  two  bones.  The  hinge 
action  takes  place  between  the  femoral  condyles  and  the  semilunar 
cartilages,  while  the  gliding  and  rotary  motion  is  betw^een  these 
cartilages  and  the  tibia. 

The  antero-posterior  luxations  are  more  often  ineomplete  than 
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complete.  Complete  lateral  luxations  of  the  knee  are  extremely 
rare.  The  most  common  luxation  is  forward,  and  then  in  order  of 
frequency,  backward,  outward,  inward  and  rotary.  Great  violence 
is  necessary  to  produce  luxation  of  the  knee.  Probably  the  most 
common  injury  to  the  knee-joint  consists  in  rupture  of  the  internal 
lateral  ligament  with  temporary  separation  of  the  articular  sur- 
faces on  the  inner  side  of  the  articulation. 

Symptoms. — The  accident  is  almost  invariably  the  result  of  severe 
trauma  and  if  the  history  of  the  case  is  elicited  an  idea  of  the 
degree  of  violence  applied  to  the  lower  extremity  at  the  time  of  the 
accident  can  usually  be  had.  Pain,  shock  and  loss  of  function  are 
usually  pronounced.  Any  of  the  luxations  occurring  at  the  knee 
may  be  complete  or  incomplete,  simple  or  compound  and  compli- 
cated or  uncomplicated  by  injury  to  vessels  and  nerves.  The 
symptoms  will  vary  according  to  the  details  of  the  case.  Abnormal 
mobility  is  present.  In  complete  luxations  the  action  at  the  knee 
is  usually  flail-like  and  the  percentage  of  cases  in  which  the  con- 
dition is  compound  is  high.  In  a  complete  forward  dislocation  of 
the  knee  treated  by  the  author  amputation  was  necessitated  by  the 
complete  severance  of  the  popliteal  artery,  and  following  the  oper- 
ation the  knee-joint  was  partially  dissected  for  the  purpose  of  ascer- 
taining the  condition  of  the  injured  structures.  The  two  lateral 
ligaments,  the  posterior  ligament  and  the  crucials  were  completely 
ruptured.  The  inner  head  of  the  gastrocnemius  and  the  popliteus 
were  torn  across.  The  femoral  condyles  projected  through  a  large 
rent  in  tlie  popliteal  si)ace  and  their  lower  surfaces  were  about 
two  and  a  half  to  three  inches  below  the  level  of  the  tibial  articular 
surfaces.  The  [)opliteal  artery  was  completely  torn  across  and  the 
ends  separated  shortly  above  the  popliteal  notch.  The  popliteal 
and  peroneal  nerves  w^ere  also  completely  divided.  The  semilunar 
cartilages  remained  with  the  tibia.  This  type  of  case  is  extreme 
and  demands  inunediate  amputation  above  the  knee. 

It  is  more  common  to  st»e  an  incomplete  dislocation  in  which  a 
portion  of  the  femoral  condyles  remains  in  contact  with  the  tibial 
articular  surfaces.  The  loss  of  alignment  in  the  axes  of  the  femur 
and  tibia  is  api)arent.  The  forward  displacement  of  the  tibia  is 
seen  at  a  glance.  The  patella  is  less  prominent  than  normal  be- 
cause of  the  forward  displacement  of  the  tibia.  If  the  artery  is 
compressed  or  divided,  loss  of  pulse  and  lowering  of  temperature 
below  the  knee  will  be  noted.     If  the  artery  is  simply  compressed, 
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hut  not  otherwist^  injured,  the  pulse  will  return  with  rediietioD  of 
tfie  hixatioii.  Pain  may  he  intense  if  tlie  Uf-rv*'S  are  stivteheil  or 
L-oiiipre«sed ;  if  divided,  sensory  and  motor  paralyses  will  be  present. 
In  compound  castas  with  laceration  of  the  artery,  hemorrhage  is 
usually  not  profuse,  strange  as  it  may  seem. 

In  h(»,ekward  hixa lions  the  relationK  of  the  tibia  ajid  feiiuir  at 
the  knee,  are  reversed.  The  lower  end  of  the  femur  is  prominent 
anteriorly  while  the  posterior  edge  of  tlie  upper  end  of  the  tibia 
may  lie  palpated  posteriorly.  If  tlie  luxatioii  is  eomplete  the  bones 
override  in  a  manner  similar  to  that  described  in  the  anterior  form 
of  luxation.  The  eoruiition  is  mueh  more  likely  to  be  compound 
when  the  luxation  is  eoiJii>lete.  The  femur  may  pi^netrate  the  skin 
anteriorly  or  the  upper  end  of  the  tihia  tuay  he  found  t^rojeeting 
tluYjugb  a  rent  in  the  popliteal  space, 

Tbe  lateral  hixations  usually  consist  of  either  inward  or  outward 
incomplete  displat?ement  of  tbe  tibia.  Complete  lateral  luxation 
of  the  knee  is  quite  rare  and  tht^  eomplieations  aeeonipanying  tbe 
condition  are  usually  less  imptuiant  than  thost^  occurring  in  tbe 
antero-posterior  types. 

In  the  rotary  form  of  luxation,  which  is  extremely  uncommon, 
the  tibia  is  seen  to  have  rotated  on  its  axis  so  that  the  noruial  re- 
lations between  tli*^  articular  surfaces  are  disturbed.  The  rotation 
is  seldom  more  than  forty-tive  degrees  and  is  more  often  outward 
than  inward,  Tht*  axis  of  rotation  uuiy  pass  througli  the  outer  or 
inner  tuberosity  or  in  the  region  of  tlie  tibial  .spine.  The  liga- 
mentous structures  ruptun^d  will  de|jend  largely  on  the  axis  of 
rotation. 

In  tlie  ditferent  luxations  oecurrini;  at  the  knee  any  or  all  of  the 
ligaments  hinding  the  tibia  to  tbe  tibula  may  be  ruf^tured  or  one  of 
tlieir  attachmenls  avulsed,  accordiuj^  to  tbe  nature  and  degree  of 
the  dislocation.  Avulsion  of  the  tibial  spine  has  occurred  in  lieu 
of  nijdure  of  the  emcials. 

Traumatic  reaetion  is  usually  pronounced  during  the  (irst  week 
or  ten  days  following  the  accident. 

Function  is  completely  lost  in  all  forms  of  complete  luxations  of 
the  knee.  Active  motion  of  the  leg  is  sometiujes  only  partially 
lost  wdien  tlie  luxation  is  incomplete. 

Treatment. — Traction  in  tbe  lonjir  axis  of  the  lower  extremity 
with  coaptation  pres,sure  on  the  displaced  articular  ends  will  usually 
sutlice  to  reduce  the  luxation.     A  fragment  of  bone  such  as  that 
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produced  by  avulsion  of  the  insertion  of  one  of  the  lateral  liga- 
ments, may  become  interposed  between  the  articular  surfaces  or  a 
displaced  semilunar  cartilage  may  act  as  an  obstacle  to  reduction. 
Continuous  traction  as  exerted  by  Buck's  extension  may  control  a 
tendency  toward  recurrence  of  deformity  and  is  otherwise  of  service 
if  the  traumatic  arthritis  proves  severe. 

Operative  Treatment. — Operation  is  often  indicated  in  cases  in 
which  the  lukation  is  complete.  If  the  circulation  below  the  knee 
is  destroyed  amputation  should  be  performed  at  once.  One  should 
be  absolutely  positive,  however,  that  such  is  the  case,  before  remov- 
ing the  leg.  Simple  compression  of  the  artery  will  stop  the  pulse 
and  circulation  in  the  leg  but  with  reduction  and  removal  of  pres- 
sure will  be  accompanied  by  the  return  of  the  pulse  in  the  doraalis 
pedis.  It  may  be  possible  in  some  of  the  compound  cases  to 
directly  examine  the  popliteal  artery  through  the  wound  while  the 
patient  is  on  the  operating  table.  When  the  artery  is  divided  it  is 
usually  much  lacerated  and  the  ends  retracted.  In  compound 
cases  in  which  the  circulation  is  not  destroyed  the  w^ound  should 
be  thoroughly  cleansed,  the  devitalized  tissues  trimmed  away  and 
divided  structures  approximated.  Reduction  of  compound  cases 
without  these  precautions  is  much  more  likely  to  be  followed  by 
infection  and  suppuration.  (See  ** Treatment  of  Compound  Frac- 
tures and  Dislocations, ' '  page  789.)  Open  incision  is  sometimes 
called  for  to  remove  an  obstructing  fragment  of  bone  or  a  displaced 
semilunar  cartilage  which  interferes  with  reduction.  The  possi- 
bility of  operative  repair  of  ligaments  should  be  given  careful  con- 
sideration in  instances  of  recovery  with  loss  of  lateral  stability  of 
the  knee-joint.  The  lateral  ligaments  are  easily  exposed  through 
lateral  incisions,  but  operation  on  the  cnicials  is  a  much  more  dif- 
ficult matter.  The  crucial  ligaments  are  best  exposed  through  a 
U-sha])ed  incision  dividing  the  li^amentum  patellje.  The  flap  thus 
made  is  reflected  and  the  knee  flexed,  so  that  the  ligaments  may  be 
seen  in  the  popliteal  notch.  Plastic  operations  may  be  needed  to 
bring  the  ends  of  the  ligaments  together  and  considerable  difficulty 
may  be  experienced  in  placing  the  mattress  sutures  because  of  the 
narrow  limits  of  the  popliteal  notch.  A  small  full-curved  neetlle 
should  be  used.  A  needle  may  be  heated  in  a  flame  and  bent  while 
hot  to  make  the  curve  sufficiently  sharp  to  meet  the  requirements. 
After  repair  of  the  crucial  ligaments  the  knee  should  be  protected 
from  lateral  strain  for  many  months  by  wearing  a  brace. 
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After-Treatment. — Following  reduction  of  a  dislocation  or  sub- 
luxation of  the  knee  the  lower  extremity  should  be  immobilized 
on  a  posterior  splint,  the  leg  elevated  on  a  pillow  and  carefully 
watched  for  evidences  of  stasis.  If  at  any  time  during  the  after- 
treatment  it  is  positively  determined  that  the  circulation  has  been 
destroyed  the  leg  should  be  amputated.  The  general  condition  of 
the  patient  will  often  require  careful  attention  during  the  first  few 
days  following  the  accident.  If  shock  is  great  appropriate  stimu- 
lants should  be  exhibited  and  when  accompanied  by  much  pain 
opiates  may  be  necessary.  The  joint  should  remain  fixed  for  a 
period  of  three  months  or  more  according  to  the  extent  of  liga- 
mentary  laceration.  Early  use  of  the  knee  will  usually  be  followed 
by  instability  of  the  joint  and  much  loss  of  function.  The  repair 
of  ligaments  is  often  surprisingly  complete  if  the  proper  time  is 
allowed  before  the  joint  is  subjected  to  strain.  Massage,  when  the 
splint  is  removed  and  during  the  time  the  knee  is  immobilized  is  of 
great  service  in  maintaining  the  tonicity  of  the  thigh  and  calf 
muscles. 

Prognosis. — The  outlook  in  complete  dislocations  of  the  knee  is 
not  good  especially  if  the  condition  is  compound.  The  prognosis 
depends  chiefly  on  the  complications,  the  most  important  of  which 
are  injuries  to  the  artery  and  nerves  and  the  exposure  of  the  joint 
to  infection  in  compound  luxations.  If  the  case  is  incomplete  and 
uncomplicated  good  restoration  of  function  is  the  rule,  provided 
sufficient  time  is  allowed  for  the  proper  healing  of  the  ligaments. 
Imperfect  and  incomplete  healing  of  the  ligaments  may  result  in 
loss  of  lateral  stability,  sufficiently  pronounced  to  require  the  use 
of  a  jointed  knee  brace.  Surprisingly  good  function  has  been 
reported  in  a*  few  cases  of  old  unreduced  luxations  of  the  knee. 
If  the  knee-joint  becomes  infected  following  a  compound  luxation 
the  prognosis  will  be  that  of  a  septic  arthritis.  In  severe  compound 
cases  death  may  ensue  from  shock,  thrombosis,  embolism,  sep- 
ticemia, etc.,  unless  prompt  and  radical  surgical  measures  are  insti- 
tuted. 


CHAPTER  XLIV. 

INJUR! KS  JUST  HELOW  THE  KNEE— FRACTURES   OF 
THE  TIHIA  AND  FH^ULA  (UPPER  ENDS). 

The  injuries  oceurring  in  this  region  of  the  leg  and  to  be  con- 
sidered under  this  heading  are:  fracture  of  the  upper  end  of  the 
tibia  (either  into  or  below  the  knee-joint),  separation  of  the  upper 
tibial  epiphysis,  fracture  of  the  upper  end  of  the  fibula,  separation 
of  the  upper  tibial  epiphysis  and  dislocations  of  the  upper  tibio- 
fibular articulation. 

Surgical  Anatomy. — The  broad,  expanded,  upper  extremity  of  the 
tibia  which  forms  the  tuberosities,  is  largely  subcutaneous  and  can 
be  readily  palpated  just  below  the  plane  of  the  knee-joint.  The 
inner  tuberosity  presents  a  horizontal  groove  on  its  posterior  aspect 
for  the  insertion  of  a  portion  of  the  semimembranosus.  The  cir- 
cumference of  the  tuberosity  is  taken  up  by  the  attachment  of  the 
capsule  and  the  internal  lateral  ligament.  In  like  manner  the 
circumference  of  the  outer  tuberosity  is  taken  up  by  the  capsule  on 
the  outer  side  of  the  joint,  but  the  external  lateral  ligaments  of  the 
knee  are  not  attached  to  this  bone  but  to  the  head  of  the  fibula. 
The  posterior  asp(»ct  of  the  outer  tuberosity  articulates  with  the 
u[)per  end  of  th(»  fibula,  and  half-way  between  the  tibial  tubercle 
and  the  fibular  head  is  inserted  the  lower  end  of  the  ilio-tibial 
band.  The  upper  end  of  the  tibia  is  composed  of  cancellous  tissue 
which  is  encased  in  a  thin  layer  of  compact  bone.  The  heavy 
compact  tissue  of  the  shaft  grows  rapidly  thinner  as  the  upper  end 
of  the  bone  is  approached. 

Fracture  of  the  upper  end  of  the  tibia  is  the  result  of  direct  or 
indirect  violence,  usually  the  former.  The  line  of  fracture  may 
he  vertical,  entcriiifr  the  joint  cavity,  or  it  may  be  transverse  and 
helow  the  articulation.  Transverse  fracture  of  the  upper  end  of 
the  tibia  is  usually  the  result  of  direct  violence  and  the  displace- 
ment is,  as  a  rule,  not  great.  The  superficial  position  of  the  bone 
accounts  for  the  frecjuency  of  compound  fractures  in  this  region, 
especially  when  produced  by  direct  violence.    When  the  fracture 
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otjtrrs  tile  ji)iiit  it  is  usually  tho  result  of  violent  adduction  or 
ahdu*'ti(ui  of  tfi**  \vg.  T-friictiire8  however  are  usually  the  result 
of  violence  transmit terl  to  the  upq>pr  (^nd  of  the  hone  in  the  long 
axis  of  the  tibia.  When  this  iBeehanism  obtains  in  the  prod  net  ion 
of  fraetnre  of  tin*  ii[>[>er  end  of  tlie  tibia  the  shaft  is  driven  ujrward 
into  the  tipper  frafjioent  ami  usual ly  splits  it  into  two  or  more 
pieces.  The  iijiper  fragment  is  sotiietimes  extensively  eomiiiiuuted. 
This  typr  of  fracture  is  most  frequently  the  result  of  a  fail  from 


Fiff,  674. — LutcTiil  vit»w  tif  thf  ktit't*  bf-fi^rit  lht»  n-piphj m's  Imvo  jninfrl  the  »li»ft. 
Nole  how  th(»  upper  opiph>ni»  of  *hf)  iitiia  pxtendM  downward  iint**Tior!y  to  luehidf  t^e 
tnhiTiltfi  of  the  lilim.  Thh  forniolion  is  ipoken  of  an  the  'iipping"  of 'the  upper  tibial 
epii>hy»tJi, 


a  height  in  whieh  tlie  i>atient  lands  on  the  foot.  In  rare  instances 
tile  shaft  may  be  driven  upward  into  the  upper  fragment  without 
splitting  the  latter  anti  tlie  result  is  likely  to  be  impactiou  with 
shfirteniiig  of  the  leg,  but  no  abnormal  mobility,  crepitus,  etc. 
Must  of  the  fractures  of  the  upper  end  of  the  tibia  entering  the 
joint  cavity  are  aeeompanieii  by  spreading  of  the  tuberosities.  The 
action  of  the  lateral  ligaments  in  producing  fracture  of  the  tuber- 
osities or  of  the  femoral  eomlyles  has  l>e*^n  descriited  under  "Dislo- 
cations of  the  Knee/'  and  again  under  **  Fractures  of  the  Lower 
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Hud  of  the  Feiniir."     Fraeture  and  avulsion  of  the  spine  of  tll6| 
tibia  due  to  the  pull  of  the  erueials  is  a  eoiiiplieation  of  disloea« 
tioMs  of  tile  knee,  and  has  been  mentioned  under  that  heading. 

The  upper  epiphysis  of  the  tibia  is  os-silifd  from  a  single  eentef  1 
whieh  makes  its  appearanee  soon  after  birth  and  joins  the  shaft 
at  abont  the  twenti<*th  year«  The  epiphyseal  eartilaa:e  corresponds 
roughly  to  a  horizontal  plane  about  one  ineh  below  the  top  of  the 
bone.  Anteriorly  however  it  dips  downward  as  it  approaches  the] 
anterior  border,  to  pass  under  the  tilu'al  tubercle.  A  not  uncom- 
mon anomaly  is  for  the  tibial  tidierele  1o  be  ossified  hy  a  separate! 


Vif:.  i; 


Fi«f,   676. 


Fiifti.  675  and  676. — An  nnnmnlv  in  the  osxiflcation  of  the  upper  end  of  the  tfbta  I 
which  \h  lik«»ly  to  ho  niitiUiki'ri  for  frarlure  of  the  tihin.  A  close  exatninnHoTi  of  »i&  I 
X  ray  plat?  { iiol  pf'nl)  will  nhuw  the  8uppH!>fi<*«l  fr»e;<n«!iit  to  he  surrounded  by  »  lajer] 
ol  compnrl  tiwiiie  »nd  i\w  I'outour  of  ossiHe  does  not  correspond  to  rhe*  portion  of  the 
tibia  fri»in  which  it  ir  siippoRpd  to  hflive  been  broken  nff.  Moreover  Ibis  type  of  Anofnjiljr  i 
ift  nlrnoKt    invnriably   hilnleral. 

eenter.  This  downward  extension  of  the  epiphysis  to  inelnde  the 
tibial  tuherele  iw  of  importanee  elinieally.  The  quadrieeps  extensor 
is  attached  to  the  tuberele  through  the  liganientum  patellip.  and 
with  violent  eoiifraetion  of  this  mnscle  the  anterior  part  of  the 
epiphysis  (the  tnburele  of  the  tibia)  uray  be  partially  or  eompletely 
separated  from  the  diaiihysis.  Complete  separation  of  the  tibial 
epiphysi,s  is  an  extremely  rare  eontlition  but  a  starting  of  the 
tuberele  with  a  eorn^sponditig  partial  detaebment  of  the  epiphysis 
is  not  uneommon  in  youth. 

The  upper  extremity  of  tla*  libula  does  not  enter  into  the  forma- 
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FtK.    677. 

Pif,   677. — V«rticjil   frnrturt'  i>f   uppi-r  ^nd  of  libin. 
Fig.   678, — Verticiil  frnohin*  of  Hppir  rnd  of  tibia. 


Fig.   t)7tt. 


not 


Fig. 


Fiif.   t'i79. — Fmrtuit*  *«l   iippHr   irid   uf  ritiia   ievoiviog  the  i»xl«Tnal   nrtiriiUr   lurfure. 
Fiip.   680, — 8p1iltitiK  iii  ijpiJiT  riid  of  libia, 

V<*TtirBl  fractun-fc  of  (hr  ujtfH'r  f»nfl  »f  thai  tibia  such  a*  thn^o  shown  na  (!iiK  pnittt  ar« 
uncominDn,   *nd   If  nat  acctirnl^'ty   n^diiOMd    roni^iderDblc  dJstnrbauce>  in   joinl   function 


mmy  resiult.     OpomtJTe  mcufiurfs  »re  fn-qtienll)   iudiinted  to  obtain  lb«  be*t  rppultB. 
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tion  of  the  knee-joint,  though  the  two  external  lateral  ligaments  of 
the  knee  are  attaehed  to  it.  The  long  head  of  the  biceps  (outer 
hamstring  muscle)  is  inserted  around  the  base  of  the  styloid 
process,  and  the  attachments  of  the  soleus,  peroneus  lougus  and 
extensor  longus  digitoiTim  are  continued  upward  from  the  shaft 
onto  the  upper  extremity  of  the  bone.  This  epiphysis  of  the  fibula 
begins  to  ossify  about  the  fourth  year  and  joins  the  shaft  at  about 
the  twenty-fifth.  Violent  contraction  of  the  biceps  is  known  to 
have  caused  fracture  of  the  upper  end  of  the  fibula,  or  separation 
of  the  epiphysis,  and  adduction  of  the  leg  has  produced  the  same 
result  through  the  pull  of  the  external  lateral  ligaments.  Fracture 
of  the  upper  end  of  the  fibula  just  below  the  head  of  the  bone  is 
usually  the  result  of  direct  violence.  Occasionally  it  accompanies 
fracture  of  the  upper  end  of  the  tibia. 

The  upper  tibio-fibular  articulation  is  a  simple  arthrodial  joint 
with  very  limited  motion.  The  articular  surfaces  entering  into  its 
formation  are  flat  and  the  integrity  of  the  joint  depends  entirely 
on  the  strength  of  the  ligaments  holding  the  two  bones  together. 
This  joint  possesses  an  anterior  and  a  posterior  ligament  which  are 
thickenings  in  the  capsule  surrounding  the  articulation.  Anterior 
and  posterior  displacements  are  prevented  as  long  as  the  force  is 
not  sufficient  to  rupture  these  ligaments.  Upward  displacement 
is  prevented  not  only  by  these  ligaments  but  by  the  interosseous 
membrane  and  the  lower  tibio-fibular  articulation.  The  importance 
of  displacements  of  the  upper  end  of  the  fibula  depends  mainly  on 
the  fact  that  the  peroneal  nerve  winds  around  the  neck  of  the 
bone  and  may  be  injured  with  direct  violence  to  the  outer  side  of 
the  leg,  or  when  the  head  of  the  fibula  is  luxated.  This  nerve  can 
be  felt  beneath  the  skin  behind  the  tendon  of  the  biceps.  It 
passes  between  the  tendon  of  the  biceps  and  the  outer  head  of  the 
gastrocnemius  and  then  winds  around  the  neck  of  the  fibula.  It 
passes  forward  to  join  the  ant(»rior  tibial  artery  and  gives  off 
branch(»s,  as  it  passers  down  the  front  of  the  leg,  to  supply  the 
extensors  of  the  foot.  Injury  to  this  nerve  is  accompanied  by  foot 
drop. 

Etiology.  -Fractures  of  lh(»  upper  ends  of  the  tibia  and  fibula  are 
usually  due  to  direct  violence*.  Forcible  adduction  or  abduction 
of  the  leg  may  result  in  fracture  of  the  tuberosities.  Violence 
transmitted  in  the  axis  of  the  leg  may  produce  fracture  of  the 
upper  end  of  the  tibia  and  fibula,  although  all  forms  of  indirect 
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viol r lire  arv  more  liki'ly  to  produce  fracture  below  the  middle  of 
tile  shaft. 

Syiuptonis. — BtM*anHe  of  the  variety  of  fractures  whieh  oeeur  in 
tills  n*KH>'i>  th(*  symptoms  seen  in  different  cases  vary  considerably. 
Tbi'  mvelling"  and  defoi'mily  wbieb  accompany  i>im[>lr  transverse 
fracture  of  the  upper  end  of  tlie  tibia  may  be  remarkably  slight. 
I  have  seen  a  numlier  of  cases  suffering:  from  this  type  of  fractnre 
in  wbieh  tlie  patient  was  able  to  bear  weight  on  the  leg.  The  dis- 
ability, however,  is  usually  eoinplete.  Abnormal  mobility  is  almast 
invariidtfy  prt  sc^jit  altliongli  impaction  of  tbe  lower,  into  tbe  upper 
fra^'ment,  may  n*sult  in  tiie  leg  hein^  ^piite  hrm.  When  tbe  frac- 
ture is  cf  i\\v  T-ty[>e  or  in  instances  in  whiefi  one  of  the  tuberosities 


Fig.  081. — Fructurt'  of  iiTi|>«^r  vutl  uf  libiu.      Stylo  ihu^ki-mng  at   pnmt  indkated  hy 


is  broken  otT,  articular  ilistentioii  and  traumatic  arthritis  develop 
rapidly,  rnder  these  eircurnstanees  tbe  lateral  stability  of  the 
knee  is  usiudly  lost  and  abnormal  lateral  mobility  is  apjuirent  as 
s(K)n  as  the  parts  are  manipulat<Hl.  The  leg  may  be  ailducted  or 
abduct4'd  to  an  abnormal  ibgree  and  this  maneuver  usually  i>rO' 
dueeii  crepitus.  In  T-fractun'  of  the  upper  end  of  tbe  tibia  or  in 
fracture  of  one  of  tbe  ttiberosities,  tlie  tulM^rosities  may  be  spread 
to  sneh  an  extent  that  the  eon<lition  is  readily  recognized  by 
insjjection  alone.  (See  Figs.  681  ami  6H2j  Tlie  parts  below^  the 
knee  are  t^^nder  and  paiufuL     Fracture  in  this  region,  due  to  direct 
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ipOlM 


d  and  if  the  lini^  of  fraeture  eiitiM-s  tin 


joinl  it  nmy  be  followed  by  suppurative  arthritis. 

Avulsion  of  the  tiiliercle  of  the  tihin  is  ai^rompaTiied  hy  a  iinnv  or 
less  Uf^wjinl  (liHphttMMiiojjt  of  tht^  patrlhi  arcordiiii^  to  the  extent  of 
tearhij?  in  the  lateral  expansions  of  the  aponeurosis  of  the  quadri- 
eeps  extensor.  The  loose  detaehed  fratrin<^nt  vnn  he  palpated 
without  dififieulty  unless  the  swelling  is  intense.  The  ligarneiitum 
pateihe  is  abnornuilly  lax,     Kupture  of  the  patellar  lii^ament  gives 


Fig.  6B2. — l^TiG^lTudinnl  frmturo  of  tho  uppiT  end  of  ihe  right  tibiii.  TubercMities 
spreai!  no  that  fiager  miij  \*e  prefixed  into  fXifrnnl  articiitjir  favity  iiiHt  nbove  promiaence 
indicAtf^d  by  arrow.  Such  ii  frwrfure  will  iuttrfcn^  with  the  iis**  of  the  knp«»  joint  unlew 
the  fTaipiDHQlH  arv  lrrirni«ht  tnKPther  and  held  in  plarp.  Operation  ib  usually  Di^P«M«r7 
Id  Ibis  type^  of  cft»e  lo  secure  llie  be«t   tpmiIu. 

a  similar  syiiiptotii-eoniplex  except  for  the  absence  of  the  detaehed 
fraguii'lit  (>f  the  tuhi'M'le. 

♦Separation  of  the  ujtpcr  tibial  epiphysis  is  attended  by  ayraptoms 
sifuilar  to  fracture  in  this  rejajion.     The  epiphysis  may  be  displaced ■ 
111  any  direetion.     The  erepitus  produced  hy  manipulation  is  sof 
and  eartila^inous.     The  eondition  is  extremely  rare. 

Fracture  or  epiphyseal  separation  of  the  upper  end  of  the  fibula 
is  accouiijanied  by  local  tenderness  and  pain  especially  when  the 
leg  is  used.  It  is  often  possible  to  move  the  head  of  the  bone  about. 
Crepitus  is  usually  elicited  without  difficulty.     If  the  fracture  is 
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through  the  tibio-fibular  articulation  or  below  it,  pressure  on  the 
shaft  of  the  bone,  in  the  middle  of  the  leg,  will  produce  pain  at  the 
seat  of  fracture.  Injury  to  the  peroneal  nerve  will  be  productive 
of  characteristic  symptoms  in  motion  and  sensation  throughout  the 
distribution  of  the  nerve.  In  luxations  of  the  fibular  head  the 
upper  end  of  the  bone  is  more  prominent  than  normal  and  its  dis- 
placement either  forward  or  backward  is,  as  a  rule,  easily  recog- 
nized. 

Injuries  to  vessels  and  nerves  are  not  as  common  in  this  region 
of  the  leg  as  they  are  in  fractures  of  the  lower  end  of  the  femur  but 
when  they  do  occur  the  same  train  of  symptoms  will  become  mani- 
fest. 

Diagnosis. — There  is,  as  a  rule,  little  difficulty  in  recognizing 
fracture  in  this  region.  A  simple  transverse  break,  however,  just 
below  the  tibial  tuberosities,  may,  in  rare  instances,  be  difficult 
to  determine  without  the  aid  of  the  X-ray.  In  tlie  exceptional 
cases  in  which  the  shaft  is  impacted  into  the  upper  fragment  with- 
out splitting  the  latter,  abnormal  mobility  may  be  absent,  biit  the 
condition  should  be  recognized  by  the  shortening  of  the  leg,  and 
in  some  instances  there  wull  be  sufficient  angular  deformity  to  indi- 
cate the  nature  of  the  lesion.  The  X-ray  is  of  the  greatest  value 
in  determining  the  nature  of  the  injury  in  the  exceptional  cases 
in  which  the  physical  signs  are  indefinite. 

When  the  upper  end  of  the  fibula  alone  is  fractured  the  patient 
may  be  able  to  get  about,  though  the  use  of  the  member  entails  more 
or  less  swelling  and  pain.  This  fracture  has  not  infrequently  been 
overlooked  in  spite  of  the  fact  that  pressure  in  the  middle  of  the 
shaft  is  productive  of  pain  at  the  site  of  the  lesion,  if  the  fracture  is 
below  or  through  the  upper  tibio-fibular  articulation.  If  the  frac- 
ture is  above  this  level  it  should  be  recognized  by  direct  palpation. 

Treatment. — The  desiderata  in  the  treatment  of  these  fractures 
are:  reduction  of  deformity,  immobilization  of  the  fragments  and 
restoration  of  function  after  the  fragments  have  united.  The 
details  of  treatment  will  vary  with  the  type  and  severity  of  the 
fracture.  In  a  simple  transverse  fracture  of  the  upper  end  of 
the  tibia,  deformity  is  often  slight  and  reduction  easy.  Strong 
traction  on  the  leg  with  direct  pressure  over  the  displaced  frag- 
ment will  usually  effect  reduction.  The  fragments,  how(»ver,  are 
often  so  well  apposed  that  nothing  in  the  way  of  treatment  is  indi- 
cated aside  from  fixation.     The  lower  extremity  should  be  immo- 
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Knd  of  the  Femur/'  Fracture  and  avulsion  of  the  spine  nf  the 
tibia  due  to  the  pull  of  the  cnieials  is  a  eoniplieation  of  disloca- 
tions of  the  knee,  and  has  heeii  nientioned  under  that  heading. 

Tile  upper  epiphysis  of  the  tihia  in  oKHitied  from  a  single  eentefj 
whieh  niake.s  its  ap[tearanee  soon  after  hirth  and  joins  the  shaft] 
at  about  the  twentieth  year.  The  ejiii>hyseal  eartilage  corresponda] 
roughly  to  a  horizontal  plane  about  one  ineh  below  the  top  of  th©] 
bone.  Anteriorly  however  it  dips  downward  as  it  approaebes  thdl 
anterior  border,  to  pass  under  the  tifiial  tnberele.  A  not  uncom- 
nion  anomaly  is  for  the  tibial  tnberele  to  be  tjssitied  by  a  separate] 


Fsic-   075. 


Fig.   676. 


Figs.  675  and  676. — An  amnnalv  in  iht*  o»Riflrntinn  of  tbf^  upper  <?nd  nf  Ihi*  tiUisi 
which  \ti  Jikply  to  \h>  m'lMnkt^n  for  frflcture  of  the  libia.  A  close  exnuiinntion  at  anl 
X'T&y  pln!*>  (not  print  (  will  show  |hp  iti,ippoRe<l  frairment  to  be  surrounded  h^'  m  l4>««ri 
of  fonipatt  tihftne  and  ihe  contour  of  ©sfeicle  doe*  nnl  rorrespond  (o  th^  portion  of  ^^^l 
tibift  from  which  it  i^  Ruppa«ed  to  have  been  brolt^n  off.  Moreover  this  t)'p«  t>f  anomaly  ' 
ia   almoi^t   invariohly    hiliiternl.  ' 

center.     This  downward  extension  of  the  epiphysis  to  inebide  Ihel 
tibial  luberele  is  of  importanee  elinieally.     The  quadrieeps  extensor^ 
is  attached  to  the  tnberele  through  the  ligafnentum   patella?,  and' 
with  violent  eontraetion  of  this  ninsele  the  anterior  part  of  the 
epiphysis  (the  tuhi-rcle  of  the  tibia)  may  be  partially  or  eompletely 
separated  from  the  diaphysis.     Complete  separation  of  the  tibial 
epiphysis   is   an   extremely    rare   eondition   but    a   starting   of   the 
tubercle  with  a  eorrt*sponding"  partial  d(4aehment  of  the  epiphysis 
is  not  nneommon  in  youth. 
The  upper  extremity  of  the  fibula  does  not  enter  into  the  forma- 
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Fif,   677. — \>rtical  I'nirture  i*f  i»i»|ier  end   ut   tibia, 
Pif.   678. — V*rticiil   frwrlure  of  upper   end    nf  tibiiL 


Kilt,   «79. — FTftrtun*  of   upi't'i    <'n*l  nl   uh\n   involvinK  tlui  vxlernul  urlituliir  fsnrface. 

Kiif,    6»0. — Bplitthifj  tif  npiivT  ond   of  tiUSii. 

Vcriiiial  frnrturen  of  tin?  iii>pfvr  nm!  o!  th©  tibin  »ueh  «i8  ihvi^r  Ahown  on  iIiIn  T"»Jf^  are 
not  unc'OTtimon«  »"<!  if  not  iitTumtely  ffduced  cwnftiderikblti  dislurbiifice  in  joint  function 
in»y  renult.     Oporntiv**  me^iuureH.  »re  frequently   indicated  to  obtiiin  tin?  b«frt  rn^iiltw. 
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tion  of  the  knee-joint,  though  the  two  external  lateral  ligaments  of 
the  knee  are  attached  to  it.  The  long  head  of  the  biceps  (outer 
hamstring  muscle)  is  inserted  around  the  base  of  the  styloid 
process,  and  the  attachments  of  the  soleus,  peroneus  lougus  and 
extensor  longus  digitorum  are  contiiuied  upward  from  the  shaft 
onto  the  upper  (extremity  of  the  bone.  This  epiphysis  of  the  fibula 
begins  to  ossify  about  the  fourth  year  and  joins  the  shaft  at  about 
the  twenty-fifth.  Violent  contraction  of  the  biceps  is  known  to 
have  caused  fracture  of  the  upper  end  of  the  fibula,  or  separation 
of  the  epiphysis,  and  adduction  of  the  leg  has  produced  the  same 
result  through  the  pull  of  the  external  lateral  ligaments.  Fracture 
of  the  upper  end  of  the  fibiila  just  below  the  head  of  the  bone  is 
usually  the  result  of  direct  violence.  Occasionally  it  accompanies 
fracture  of  the  u[)per  end  of  the  tibia. 

The  upper  tibio-fibular  articulation  is  a  simple  arthrodial  joint 
with  very  limited  motion.  The  articular  surfaces  entering  into  its 
formation  are  flat  and  the  integrity  of  the  joint  depends  entirely 
on  the  strength  of  the  ligaments  holding  the  two  bones  together. 
This  joint  possesses  an  anterior  and  a  posterior  ligament  which  are 
thickenings  in  the  capsule  surrounding  the  articulation.  Anterior 
and  posterior  disi)lacements  are  prevented  as  long  as  the  force  is 
not  sufficient  to  ru[)ture  these  ligaments.  Upward  displacement 
is  prevented  not  only  by  these  ligaments  but  by  the  interosseous 
membrane  and  the  lower  tibio-fibular  articulation.  The  importance 
of  displacements  of  the  upper  end  of  the  fibula  depends  mainly  on 
the  fact  that  the  peroneal  nerve  wunds  around  the  neck  of  the 
bone  and  may  be  injured  with  direct  violence  to  the  outer  side  of 
the  leg,  or  when  th(»  head  of  the  fibula  is  luxated.  This  nerve  can 
be  felt  beneath  the  skin  behind  the  tendon  of  the  biceps.  It 
passes  between  the  tendon  of  the  biceps  and  the  outer  head  of  the 
gastrocnemius  and  then  winds  around  the  neck  of  the  fibula.  It 
passes  forward  to  join  the  anterior  tibial  artery  and  gives  off 
branches,  as  it  passes  down  the  front  of  the  leg,  to  supply  the 
extensors  of  the  foot.  Injury  to  this  nerve  is  accompanied  by  foot 
drop. 

Etiology.  Fractun\s  of  the  upper  ends  of  the  tibia  and  fibula  are 
usually  due  to  direct  violence.  Forcible  adduction  or  abduction 
of  the  leg  may  result  in  fracture  of  the  tuberosities.  Violence 
transmitted  in  the  axis  of  the  leg  may  produce  fracture  of  the 
upper  end  of  the  tibia  and  fibula,  although  all  forms  of  indirect 
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violt'iirt*  an*  iiiore  likely  to  produeo  fracture  below  the  tniddle  of 
the  shfift. 

Symptoms*  —  Beeaiise  of  t]ie  variety  of  fraetures  whieh  oeeiir  in 
this  ri'gioii,  the  .symptoms  seen  in  different  eases  vary  considerably, 
Tlie  swelling  and  deformity  whieh  aeeompany  simple  transverse 
fraeture  of  the  upper  end  of  the  tibia  may  be  remarkably  slight. 
I  have  seen  a  niimher  of  eases  sufTerin^  from  this  type  of  fraeture 
in  vvliieb  tlie  patient  was  able  to  bear  weight  on  the  leg.  The  dis- 
ability, however,  is  usually  eonipletc.  Abnormal  mobility  is  almost 
invarinbly  [present  although  inipaetian  of  the  lower,  into  the  upper 
fragment,  nmy  result  in  the  lej?  being  cpiite  firm.  When  the  frae- 
tnre  is  cf  the  T-tyjn*  (ir  in  instanees  in  whirli  one  of  the  tuberosities 


Wig,   6^1. — FrurtuiTf  cjf  uiipor  vnd  of  Uhiu.      Nolt*  thirki-uiikii:  til   jHjjiit  indifiiled  by  mrrow. 

is  broken  otf,  artieidar  tlistenlioii  aiul  trauinatie  arthritis  develop 
rapidly.  Tender  these  eii'ciinistanees  the  lateral  stability  of  the 
knee  is  usually  lost  and  abnoi-mal  lateral  mobility  is  apparent  as 
soon  as  the  parls  are  nmni|ju!ated.  The  leg  nmy  be  addnetntl  or 
aljdneted  to  an  abnormal  degret*  nn<l  Ihis  maneuver  usually  pro- 
duee8  crepitus.  In  T-fraeture  of  the  upper  end  of  the  tibia  or  in 
fraeture  of  one  of  the  tuberosities,  the  tuberosities  may  be  spread 
to  snch  an  extent  that  tlie  eondition  is  readily  recognized  by 
inspeetion  alone.  (See  Figs.  681  and  682,)  The  parts  below  the 
knee  are  tender  and  painful.     Fraeture  in  this  region,  due  to  direct 
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violeiire,  m  oftLrri  eoiii|K)iiJ)d  s\h]  if  tin*  linr  of  fracture  enters  the_ 
joinf  it  may  be  followed  by  suppurative  arthritis. 

Avulsiou  of  tlu*  tnlirrde  nf  tln^  tibia  is  a<*<'omp»mVr1  by  a  more  or 
b*ss  ui»\varcl  disphu^eiiH^ut  of  \he  \m\iAln  arroriHiig  to  the  extent  of 
teariuj^  ifi  the  lateral  expansions  of  the  aponeurosis  of  the  quadri- 
c't*j»s  rxtciisor.  Tfie  loosi*  fletaeli(*d  frapniiput  can  be  palpated 
witfiout  difticulty  uub^ss  the  swelling  is  inttuse.  The  Ugameutmn 
patellie  is  abnormally  lax.     liupture  of  thc^  patellar  lii^ameut  gives 


Fi^.  682. — LoiiKituiliiitil  fracture  nf  rht*  uhimt  end  of  Uip  rVgltt  tibin-  Tuberoiitii?* 
sprp»d  io  thftt  finger  miiy  be  preHwod  into  exiornol  nrticnkr  cttvity  junt  ftbove  prominencte 
indlcAt^  by  arrow.  Suph  a  frActiini  will  intcrftr*'  with  iIip  itue  of  tbp  knee  joint  iinlpA* 
ihi*  fragmtfrits  »re  brouitht  loKelhrT  anil  held  in  plftr*-.  Opernliou  i«  iL»uiilly  neeessarj- 
in  tbi*  (ypc*  of  ra^e  to  sfturp  the  bpst   rp&aU^. 


a  HI  mi  la  r  syinfitom-coiufjlex  except  for  the  absence  of  the  detached 
fragioenl  of  thi"  tubereh\ 

Separation  of  tln^  uijimt  tibial  epiphysis  is  attended  by  symptoms 
similar  to  fraetiuv  iii  tliis  rctrion.  The  epiphysis  may  br*  displaced 
in  any  dtreetion.  Tht*  rn^intns  produced  by  manifudation  is  soft 
Mild   *'artilagiuous.     The  condition   is  extremely   Tare. 

Fracture  or  epi]ihy8eal  sepfiration  of  the  uppt^r  end  of  the  fihida 
is  aceoiniianied  by  local  li'mlcruess  and  pain  especially  when  the 
leg  is  used.  It  is  often  [jossible  to  move  the  head  of  the  bone  about. 
Crepitus  is  usually  elicited  without  difficulty.     If  tlie  fracture  is 


I 


INJURIES   JUST  BELOW   THE  KNEE  627 

through  the  tibio-fibular  articulation  or  below  it,  pressure  on  the 
shaft  of  the  bone,  in  the  middle  of  the  leg,  will  produce  pain  at  the 
seat  of  fracture.  Injury  to  the  peroneal  nerve  will  be  productive 
of  characteristic  symptoms  in  motion  and  sensation  throughout  the 
distribution  of  the  nerve.  In  luxations  of  the  fibular  head  the 
upper  end  of  the  bone  is  more  prominent  than  normal  and  its  dis- 
placement either  forward  or  backward  is,  as  a  rule,  easily  recog- 
nized. 

Injuries  to  vessels  and  nerves  are  not  as  common  in  this  region 
of  the  leg  as  they  are  in  fractures  of  the  lower  end  of  the  femur  but 
when  they  do  occur  the  same  train  of  symptoms  will  become  mani- 
fest. 

Diagnosis. — There  is,  as  a  rule,  little  difficulty  in  recognizing 
fracture  in  this  region.  A  simple  transverse  break,  however,  just 
below  the  tibial  tuberosities,  may,  in  rare  instances,  be  difficult 
to  determine  without  the  aid  of  the  X-ray.  In  ti^e  exceptional 
cases  in  which  the  shaft  is  impacted  into  the  upper  fragment  with- 
out splitting  the  latter,  abnormal  mobility  may  be  absent,  but  the 
condition  should  be  recognized  by  tlie  shortening  of  the  leg,  and 
in  some  instances  there  will  be  sufficient  angular  deformity  to  indi- 
cate the  nature  of  the  lesion.  The  X-ray  is  of  the  greatest  value 
in  determining  the  nature  of  tlie  injury  in  the  exceptional  cases 
in  which  the  physical  signs  are  indefinite. 

When  the  upi)er  end  of  the  fibula  alone  is  fractured  the  patient 
may  be  able  to  get  about,  though  the  use  of  the  member  entails  more 
or  less  swelling  and  pain.  This  fracture  has  not  infrequently  been 
overlooked  in  spite  of  the  fact  that  pressure  in  the  middle  of  the 
shaft  is  productive  of  pain  at  the  site  of  the  lesion,  if  the  fracture  is 
below  or  through  the  upper  tibio-fibular  articulation.  If  the  frac- 
ture is  above  this  level  it  should  be  recognized  by  direct  palpation. 

Treatment. — The  desiderata  in  tlie  treatment  of  these  fractures 
are:  reduction  of  deformity,  immobilization  of  the  fragments  and 
restoration  of  function  after  the  fragments  have  united.  The 
details  of  treatment  will  vary  with  the  type  and  severity  of  the 
fracture.  In  a  simple  transverse  fracture  of  the  upper  end  of 
the  tibia,  deformity  is  often  slight  and  reduction  easy.  Strong 
traction  on  the  leg  with  direct  pressure  over  the  disi)laced  frag- 
ment will  usually  effect  reduction.  Tlie  fragments,  however,  are 
often  so  well  apposed  that  nothing  in  the  way  of  treatment  is  indi- 
cated aside  from  fixation.     Tiie  lower  extremity  should  be  immo- 
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bilized  on  a  long  posterior  splint  extending  from  just  alK>ve  the 
heel  to  a  point  a  short  distance  below  the  buttock.  The  regulation 
ham  splint  may  be  used  or  one  may  be  made  of  plaster.  The  knee 
should  be  fixed  in  a  position  just  short  of  complete  extension  and 
the  padding  employed  should  be  so  dispased  as  to  evenly  and  firmly 
support  the  lower  extremity  throughout  the  length  of  the  splint. 
If  there  is  any  tendency  for  the  foot  to  be  rotated  inward  or  out- 
ward the  splint  should  include  the  foot.  This  may  be  accomplished 
by  a  posterior  plaster  splint  extending  downward  to  include  the 
heel  and  sole  of  the  foot.  The  same  result  may  be  had  by  means 
of  a  long  plaster  stirrup  extending  well  up  onto  the  thigh,  or  the 
long  side  T-splint,  similar  to  that  used  in  fractures  of  the  hip,  may 
be  employed.  Whichever  splint  is  used  the  means  of  securing  it  in 
position  will  be  found  in  adhesive  strips  and  bandages.  In  cases 
in  which  the  traumatic  reaction  is  severe,  and  rapid  in  onset,  it 
may  be  advisable  to  postpone  manipulation  of  the  parts  until  it  has 
subsided.  This  is  j)articularly  true  when  the  fracture  has  entered 
the  knee-joint  with  the  development  of  a  traumatic  arthritis. 
When  the  fracture  enters  the  joint  cavity  the  correction  of  deform- 
ity and  maintenance  of  the  fragments  in  proper  reduction  is  usually 
much  more  difficult  than  in  simple  transverse  fracture.  In  a 
T-fracture,  or  breaking  off  of  one  of  the  tuberosities,  an  attempt 
should  be  made  to  force  the  fractured  surfaces  together  so  that 
the  articular  surfaces  on  the  head  of  the  tibia  will  be  in  proper 
relation  with  the  condyles  of  the  femur.  This  is  often  a  difficult 
nmtter  and  recpiireK  skillful  manipulation.  If  one  of  the  tuber- 
osities has  been  broken  off,  lateral  deviation  of  the  leg  to  the 
opposite  side  will  often  facilitate  reduction  of  the  displaced  frag- 
ment. If  the  fracture  is  of  the  T-type  with  separation  of  the 
tuberosities,  adduction  or  abduction  of  the  leg  will  accomplish 
nothing,  ['nder  these  circumstances  strong  traction  in  the  axis  of 
the  tibia  will  be  necessary  while  the  tuberosities  are  forced 
together  by  lateral  pressure.  In  some  eases  it  will  be  impossible  to 
approximate  the  tuberosities  in  this  manner,  and  in  other  instances 
the  tendency  to  recurr(»nce  of  deformity  may  be  so  great  that  the 
tuberosities  separate  as  soon  as  traction  and  lateral  pressure  are 
removed.  Under  tliese  circumstances  open  reduction  either  with 
or  without  internal  fixation  is  indicated.  Not  infrequently  a 
loose  fragment  of  bone  between  the  tuberosities  acts  as  an  obstacle 
to  reduction  and  will   reipiire  removal  before  the  fragments  can 
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be  brought  into  proper  position.  In  instances  in  which  the  shaft 
has  been  driven  into  the  upper  end  of  the  tibia  with  extensive 
connninution,  the  destruction  of  bone  may  be  so  great  that  it  is 
impossible  to  restore  the  original  contour  of  the  upper  extremity 
of  the  bone.  In  this  type  of  case  continuous  traction  by  means 
of  Buck's  extension  will  often  accomplish  more  than  any  other 
method.  AVhen  extension  is  employed  for  this  purpose  the  lower 
extremity  should  be  so  fixed  to  the  splint  that  the  traction  does  not 
pull  the  axes  of  the  tibia  and  fibula  into  the  same  straight  line, 
otherwise  the  normal  lateral  angle  of  the  knee  will  be  obliterated. 

What  has  been  said  of  the  treatment  of  fracture  of  the  upper 
end  of  the  tibia  applies  equally  well  in  separation  of  the  upper 
tibial  epiphysis. 

Avulsion  of  the  tibial  tubercle  in  the  adult  usually  calls  for 
operative  treatment  to  st»cure  the  fragment  in  proi)er  position. 
Straps  of  adhesive  above  the  patella  to  prevent  upward  displace- 
ment, and  bandages  about  the  upper  part  of  the  leg  to  force  the 
fragment  home  are,  as  a  rule,  only  ])artially  successful.  If  there 
has  been  little  or  no  upward  displacement  of  the  fragment  non- 
operative  measures  will  probably  ])roduce  the  desired  result. 
Starting  of  the  tubercle  as  jin  epiphysis  is  usually  not  attended  by 
much  displacement  and  the  treatment  will  consist  of  fixation  and 
rest  until  the  loosened  portion  of  the  epiphysis  has  become  firmly 
fixed  again. 

In  luxations  of  the  head  ol'  the  fibula,  pads  may  be  so  placed,  and 
h(»ld  in  i)Osition  by  strai)s  of  adhesive  plaster,  as  to  prevent  recur- 
rence of  deformity.  The  lower  extremity  should  be  immobilized 
for  three  or  four  weeks,  and  in  backward  luxations  the  condition 
should  be  treated  with  the  knee  semiflexed  to  relax  the  pull  of  the 
biceps.  If  these  measures  are  not  effective  in  nmintaining  reduc- 
tion, or  if  evidences  of  nerve  laceration  are  pr(\sent,  operation  is 
indicated.  Operation  is  also  indicated  in  fractures  of  the  fibular 
head  with  upward  displacement  of  the  frajimenl. 

Operative  Treatment. —  hi  cases  of  simple  transverse  fracture  of 
the  tibia  below  the  knee,  with  good  reduction,  operative  interven- 
tion offers  nothing,  but  when  the  fracture  enters  the  joint  cavity  it 
may  become  necessary  to  cut  down  on  the  fragments  to  restore  the 
articular  surfaces  of  the  knee-joint  to  their  normal  relations. 
Cases  in  which  the  tuberosities  cannot  otherwisv*  b(»  bi'ought  back 
into  proper  relation,  or  in  which   recurrence  of  deformity  takes 
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place,  sliould  be  operated  upon.  If  two  longitudinal  incisions  are 
made,  one  on  the  inner  and  the  other  on  the  outer  side  of  the  joint, 
the  fragments  may  be  directly  manipulated  and  reduction  effected. 
If  a  solid  engagement  can  be  obtained  between  them,  the  incisions 
may  be  closed  and  splints  applied.  If  a  tendency  toward  the 
recurrence  of  deformity  is  manifest  the  fragments  should  be 
secured  by  some  method  of  internal  fixation.  Non-absorbable 
materials  should  not  be  used  if  the  fracture  is  compound.  In  a 
number  of  cases  of  T-fractures  the  author  has  found  the  following 
procedure  satisfactory:  two  holes  are  drilled  transversely  through 
the  tuberosities  after  they  have  been  forced  together,  and  a  heavy 
silver  wire  is  threaded  through  the  holes  and  the  ends  tightly  twisted 
together,  thus  maintaining  the  fragments  in  proper  position  and 
restoring  the  intra-articular  surfaces  in  their  normal  relations. 
This  method  is  equally  efficient  in  instances  in  which  one  of  the 
condyles  is  broken  off:'  and  displaced.  The  principle  is  the  same  as 
that  already  described  as  ** transverse  wiring'*  under  the  heading 
of  ** Operative  Treatment  of  the  Lower  End  of  the  Femur.'*  Nails, 
screws,  and  the  Lane  plate  are  at  a  discount  in  this  region  because 
of  the  internal  structure  of  the  upper  end  of  tlie  tibia  which  is 
composed  of  a  loose  cancellous  tissue.  Compound  fractures  of  the 
upper  end  of  the  tibia  should  be  treated  according  to  the  principles 
laid  dow^n  under  the  heading  of  **The  Treatment  of  Compound 
Fractures"  on  page  789. 

Avulsion  of  the  tibial  tubercle  with  displacement  of  the  frag- 
ment can  seldom  be  reduced  and  maintained  in  proper  position 
without  operation.  The  fragment  may  be  secured  in  place  by 
means  of  a  small  nail  or  it  nmy  be  sutured  to  the  adjacent  peri- 
osteum and  surrounding  soft  tissues  with  absorbable  suture  material. 
Probably  the  best  method  in  the  adult,  is  to  secure  it  to  the  shaft  by 
means  of  a  looj)  of  silv(»r  wire.  The  scale  of  bone  torn  away  may 
be  too  small  to  fix  in  tliis  manner,  or  instead  of  an  avulsion  there 
may  be  a  rupture  of  the  patellar  ligament,  and  when  either  of  these 
conditions  is  encountered,  the  operation  nmst  consist  of  suturing 
of  the  soft  tissues  to  properly  anchor  the  ligament.  When  the 
tubercle  is  avulsed  as  an  epiphysis  it  should  not  be  sutured  in 
position  with  any  tiling  except  aksorbable  material. 

An  occasion  calling  for  open  reduction  of  a  complete  separation 
of  the  upper  tibial  epipiiysis  almost  never  arises.  In  fractures  or 
dislocations  of  the  upi)er  end  of  the  fibula,  the  condition  most  often 
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rendering  operation  necessary,  is  injury  to  the  peroneal  nerve  as  it 
winds  around  the  neck  of  the  bone.  Wlien  a  portion  of  the  fibular 
head  has  been  displaced  upward  by  the  pull  of  the  biceps,  the 
fragment  should  be  exposed,  replaced  and  sutured  in  position. 
Non-operative  methods  of  correcting  this  displacement  are  usually 
not  successful. 

In  dislocations  of  the  head  of  the  fibula  the  most  prompt  recovery 
and  complete  restoration  of  function  follow  open  reduction,  with 
fixation  of  the  head  in  proper  position  against  the  external  tibial 
tuberosity.  This  may  be  accomplished  by  suturing  the  soft  tissues 
about  the  head  or  by  means  of  a  single  loop  of  wire  passed  through 
the  adjacent  portion  of  the  tuberosity. 

After-Treatment— The  first  portion  of  the  after-treatment  will 
depend  largely  on  the  intensity  of  the  traumatic  reaction  following 
the  injury  and  whether  or  not  the  knee-joint  is  involved.  When 
the  reaction  is  severe  it  is  often  best  to  postpone  manipulation  of 
the  parts  until  it  has  subsided.  The  lower  extremity  should  be 
treated  on  a  pillow-splint  and  the  member  elevated  to  favor  circu- 
lation. The  ice  cap  will  aid  materially  in  controlling  the  swelling. 
Undue  constriction  of  the  member  should  be  avoided.  With  the 
subsidence  of  swelling,  reduction  should  be  accomplished  by  non- 
operative  methods,  if  possible,  or  with  operation  if  necessary.  At 
the  end  of  ten  days  or  two  weeks  a  permanent  dressing  should  be 
applied.  The  plaster  cast  or  plaster  splints  will  be  found  quite 
satisfactory  in  this  respect.  If  the  plaster  cast  is  used  it  should  be 
split  up  the  front  before  the  plaster  has  set  so  that  it  may  be 
removed  during  the  after-treatment  for  inspection,  massage  and 
passive  motion  of  the  leg.  Repeated  adjustments  will  be  found 
necessary  during  the  after-treatment  to  keep  the  patient  comfort- 
able. Frequent  inspection  of  the  leg  is  necessary  to  recognize  and 
treat  pressure  points  on  tlie  skin,  should  they  develoj).  In  the 
healthy  adult  union  is  to  be  expected  in  an  uncomplicated  case  at 
the  end  of  six  weeks,  but  the  callus  at  this  time  is  too  soft  to  with- 
stand any  considerable  strain.  The  full  weight  should  not  be 
borne  on  the  leg  for  another  month.  Gratifying  results  have  been 
obtained  by  use  of  the  ambulatory  pneumatic  splint  in  simple  frac- 
tures of  this  region.  When  this  splint  is  employed  it  is  often 
possible  to  begin  the  ambulatory  treatment  as  soon  as  the  acute 
swelling  has  subsided.  In  compound  fractures  of  the  upper  end 
of  the  tibia  recovery  may  be  much  delayed  by  the  development  of 
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necrotic  l)one  or  arthritis  of  the  knee.  Persistent  discharging 
sinuses  call  for  operation  to  remove  the  dead  bone.  Early  guarded 
passive  motion  will  accomplish  a  great  deal  in  the  prevention  of 
permanent  adhesions  within  the  joint  cavity.  Anesthesia  and 
forcible  passive  motion  may  be  indicated  to  break  up  organized 
adhesions  within  the  knee.  Even  arthrotomy  may  be  called  for  in 
instances  in  which  the  adhesions  are  unusually  strong.  Early 
passive  motion  is  called  for  to  restore  the  function  of  the  knee  but 
the. greatest  care  should  be  exercised  to  avoid  refracture  during 
the  time  the  callus  is  friable.  If  a  firm  grasp  be  taken  of 
the  upper  end  of  the  tibia,  force  may  be  applied  with  much  less 
risk  than  is  the  case  when  the  leg  is  moved  by  the  usual  grip  above 
the  ankle.  The  lower  the  leg  is  grasped,  in  performing  passive 
motion,  the  less  the  surgeon  appreciates  the  leverage  he  is  exerting 
against  the  upper  end  of  the  bone  and  the  articulation.  The  dress- 
ing should  be  renewed  from  time  to  time  to  accommodate  the 
changes  which  occur  with  the  onset  and  subsidence  of  swelling. 
The  older  the  patient  the  longer  the  time  required  for  firm  union 
to  take  place  and  the  more  imperfect  recovery  will  be  in  the  end. 

In  avulsion  of  the  tubercle  of  the  tibia  union  may  be  expected 
within  six  weeks  and  the  member  may  be  actively  used  at  the  end 
of  two  and  a  half  months.  If  the  condition  has  been  treated  by 
non-operative  methods  the  parts  should  be  frequently  inspected  to 
see  that  the  strappings  are  properly  performing  their  function  in 
holding  the  fragimnit  in  reduction. 

In  separation  of  the  upper  tibial  epiphysis  the  knee  should  be 
immobilized  for  a  period  of  six  weeks  during  the  latter  half  of 
which  time  passive  motion  should  be  performed  at  intervals  of 
four  or  five  days. 

In  dislocations  of  the  upper  end  of  the  fibula  retentive  apparatus 
should  be  kept  in  place  for  about  a  month,  provided  the  luxation 
has  not  })een  secured  in  position  by  operation  and  internal  fixation. 
During  this  time  undue  strain  should  be  avoided,  especially  activ- 
ities which  involve  forceful  contraction  of  the  flexors  of  the  leg  of 
wiiich  the  biceps  is  one. 

Prognosis. — The  prognosis  of  fractures  of  the  upper  end  of  the 
tibia  is  very  variable  according  to  the  extent  and  severity  of  the 
lesion.  Simph*  fractures  not  produced  by  severe  trauma  are 
usually  followed  by  complete  restoration  of  function.  On  the  other 
hand,  a  severe  compound  fracture  entering  the  knee-joint  may  be 
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followed  by  infection  of  the  knee-joint  with  septieemia  and  death. 
Restoration  of  function  in  severe  cases  is  usually  prolonged  and 
seldom  complete.  The  development  of  sei)tic  arthritis  renders  the 
fracture  itself  only  of  secondary  importance.  The  prognosis  fol- 
lowing operative  cases  is  better  than  those  treated  by  non-operative 
methods.  Union  often  takes  place  with  permanent  thickening 
below  the  knee  and  the  motion  in  the  articulation  is  not  infrequently 
restricted. 

The  prognosis  of  avub^ion  of  the  tubercle  of  the  tibia  in  the  adult 
is  good  with  proper  treatment;  when  separated  as  an  ei)iphysis 
the  prognosis  is  equally  good. 

The  prognosis  of  fractures  and  dislocations  of  the  upper  end  of 
the  fibula  is  good,  aside  from  the  injuries  sustained  by  the  peroneal 
nerve.  When  the  nerve  is  injured  the  outlook  varies  with  the 
degree  of  the  injury  and  the  completeness  of  repair  which  is  pos- 
sible at  operation. 


CHAPTER  XLV. 

KKACri'KES  OF  THE  SHAFTS  OF  THE  BONES 
OF  THE  LEG. 

The  diviMiori  of  fracturen  of  the  leg  into:  Fractures  of  the  upper 
eiulH,  Fra^ftureH  of  the  shafts  and  Fractures  of  the  lower  ends,  is 
not  a  wumi'iiu'  claHnification  of  these  injuries,  yet  it  forms  a  work- 
ing  basis  for  their  consideration.  There  is  no  hard  and  fast  line 
to  be  drawn  between  fractures  of  the  shaft  and  fractures  of  the 
extremiti(*H.  The  nearer  the  break  is  located  to  the  end  of  the 
lK)ne  the  more  it  assumes  the  characteristics  of  a  typical  fracture 
of  the  extremity. 

Surgical  Anatomy.- -The  shafts  of  the  bones  of  the  leg  are  each 
ossified  from  centers  which  make  their  appearances  during  the 
w^venth  and  eighth  weeks  of  fcetal  life.  That  for  the  tibial  shaft 
delevops  first.  The  shaft  of  the  tibia  constitutes  the  main  strength 
of  the  leg.  It  is  distinctly  triangular  in  cross-section  and  shows 
three  surfaces  st^pnrated  from  each  other  by  three  prominent 
borders.  The  anterior  bor(h»r  is  subcutaneous  and  may  be  palpated 
from  tlu»  tibial  tubercle  to  the  internal  malleolus.  The  lower  third 
of  this  b()r(l(»r,  however,  is  much  less  prominent,  and  is  more  or  less 
obscured  by  the  t(»n(ion  of  the  tibialis  anticus.  The  external  border 
is  directed  toward  the  fibula  and  has  attached  to  it  the  heavy 
interosseous  membrane.  The  internal  border  may  be  palpated 
throughout,  though  in  well  developed  persons  the  middle  portion 
is  more  or  less  encroached  upon  by  the  bellies  of  the  flexor  muscles 
of  the  foot.  The  internal  surface  of  the  bone  is  subcutaneous  except 
for  the  insertions  of  the  gracilis,  semitendonosus  and  sartorius, 
which  arc  attached  to  the  upi)er  end,  a  short  distance  below  the 
inner  tuberosity.  With  the  intense  swelling,  which  so  frequently 
develops  following  fracture,  it  is  hard  to  realize  that  this  portion  of 
the  bone  is  subcutaneous.  The  thickening  is  often  sufficient  to 
obscure  the  outline  and  render  palpation  difficult,  but  it  should 
be  remembered  that  this  infiltration  is  in  the  subcutaneous  tissues 
and  that  gentle,  linn  and  contimied  pressure,  with  the  finger  tips. 
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will  so  Hisplaw  these  fluids  timt  the  eondition  of  the  bone  may  be 
recognized. 

The  weakest  part  of  the  tibial  shaft  is  at,  and  just  below,  the 
jiinetion  of  the  tiiiddle  and  lower  thirds,  nm\  it  is  here  that  fracture 
niost  frequently  occurs.  The  shaft  is  eomjjosed  of  a  tuhe  of  heavy 
eompaet  tissue  and  the  fractures  oecurrinj]r  in  this  region  are  elean 
cut  and  show  no  impaction  or  erushing  of  bone  tissue,  ('omuiinu- 
tion  is  not  infrec|nently  seen  and  the  fracture  may  he  multi[>le; 
but  the  fragiuents  are  hard  and  the  edges  clean  cut,  and  screws  find 
a  firm  foothold  when  the  Lane  plate  is  emidoyed  to  se<nire  reduc- 
tion and  immobilization.  The  shaft  of  the  tihia  nornudly  bows 
slightly  forward  wlVile  the  fibula  bows  a  little  in  the  opposite  dirce- 
tiou. 

The  shaft  of  the  tihnla  is  almost  entirely  surrounded  hy  nniscle^ 
wliieh  act  as  t*ushiuns  in  the  ]iresence  of  direet  violenet*.  The  upper 
extremity  and  external  malleolus  are  the  only  imrtions  of  the 
tihnla  which  can  }>e  satisfactorily  palt)atcd.  The  lower  third  or 
fourth  of  the  external  surfaee  of  the  bone  may  be  felt  between 
the  peroneus  tertius  anteriorly  and  the  peroneus  longus  and  brevin 
posteriorly.  Th(»  shaft  of  the  lihida  is  long  am!  slender  and  nor- 
mally possesses  a  eertaiii  degree  of  spring  when  compressed  against 
the  tibia.  This  fact  is  of  importance  clinically  since  lateral  pres- 
sure, in  the  presence  of  fracture,  will  dcteet  an  inerease  or  loss  of 
this  spring  as  eom[>ared  with  the  opposite  fibula,  even  though  the 
bone  cannot  be  directly  palpated. 

The  shafts  of  the  hones  of  the  leg  are  usually  hoth  broken, 
though  isohited  fracture  of  either  bone  may  occur.  The  fibula  is 
more  frerpn-ntly  fractured  than  the  tibia.  When  both  bones  are 
lirokeii  tile  lesion  in  the  fibula  is  usually  at  the  fjigher  level.  The 
fracture  in  the  tibia  may  be  transverse,  obliiiuc,  sjuraU  or  longi- 
tudinal. Spiral  and  ob!i(pie  fractures  are  quite  common  below  the 
middle  of  the  shaft  and  are  usually  the  result  of  indirect  violence. 
Transvei'se  fractures  are  more  common  aliove  the  middle  of  the 
shaft  and  are  usually  due  to  tiirect  violence. 

The  upf»er  posterior  portirns  of  the  shafts  of  the  bones  of  the 
leg  are  covered  and  protected  hy  the  heavy  calf  muscles,  and  the 
tendo  Achillis  in  the  lower  part  of  the  leg  is  capable  of  breaking 
the  force  of  a  blow,  when  direet  violen(*e  is  sustained  from  behind. 
Anteriorly  the  til»ia  has  no  such  protection  but  receives  the  full 
force  of  direct  violence  applied  to  the  shin. 


CHAPTER  XLIV. 

INJURIKS  JUST  HKLOW  TIIP]  KNEE— FRACTURES  OP 
TIIK  TIBIA  AND  FIBULA  (UPPER  ENDS). 

The  injuries  oecurrin^  in  this  region  of  the  leg  and  to  be  con- 
sidered under  this  heading  are :  fracture  of  the  upper  end  of  the 
tibia  (either  into  or  below  the  knee-joint),  separation  of  the  upper 
tibial  epiphysis,  fracture  of  the  upper  end  of  the  fibula,  separation 
of  the  upper  tibial  epiphysis  and  dislocations  of  the  upper  tibio- 
fibular articulation. 

Surgical  Anatomy. — The  broad,  expanded,  upper  extremity  of  the 
tibia  which  forms  the  tuberosities,  is  largely  subcutaneous  and  can 
be  readily  palpated  just  below  the  plane  of  the  knee-joint.  The 
inner  tuberosity  pn»8ents  a  horizontal  groove  on  its  posterior  aspect 
for  the  insertion  of  a  portion  of  the  semimembranosus.  The  cir- 
cumference of  the  tuberosity  is  taken  up  by  the  attachment  of  the 
capsule  and  the*  internal  lateral  ligament.  In  like  manner  the 
circumference  of  the  outer  tuberosity  is  taken  up  by  the  capsule  on 
the  outer  side  of  the  joint,  but  the  external  lateral  ligaments  of  the 
knee  are  not  attaehed  to  this  bone  but  to  the  head  of  the  fibula. 
The  posttTior  aspect  of  the  outer  tuberosity  articulates  with  the 
upper  r\u\  of  the  fibula,  and  half-way  between  the  tibial  tubercle 
and  the  fibular  head  is  inserted  the  lower  end  of  the  ilio-tihial 
band.  The  upper  end  of  the  tibia  is  composed  of  cancellous  tissue 
which  is  encased  in  a  thin  layer  of  compact  bone.  The  heavy 
c()in|>act  tissue  of  the  shaft  grows  rapidly  thinner  as  the  upper  end 
of  the  bone  is  a|)pr()ached. 

Fiactnre  of  the  u|)per  end  of  the  tibia  is  the  result  of  direct  or 
indirect  vioh'nce,  usually  the  former.  The  line  of  fracture  may 
be  vertical,  enterinir  the  joint  cavity,  or  it  may  be  transverse  and 
below  the  articulation.  Transverse  fracture  of  the  uppcj  end  of 
the  tibia  is  usually  the  result  of  din^ct  violence  and  the  displace- 
ment is,  as  a  rule,  not  jarreat.  The  superficial  position  of  the  bone 
accounts  for  the  frcciuency  of  compound  fractures  in  this  region, 
especially  when  produced  by  direct  violence.     When  the  fracture 
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The  siibt'UtaTioons  position  of  th<»  anterior  border  and  interna  I 
surface  of  the  tilna  aeeonnts  for  the  large  proportion  of  eornponnd 
fraetures  in  this  region,  especially  when  caused  hy  (iireet  vioh^nee. 
The  direction  of  the  ohliifue  or  spiral  rracturi'  is  usually  from 
above,  downwanl  and  forward. 

Etiology. — Fracture  of  the  shafts  of  the  Inmvs  of  the  leg  is 
rather  a  eoininon  aerident  and  results  from  either  direct  or  indirect 


Fig.   ti^ti. 


FiR.   687. 

F\g».  rt^e  mid  687. — -Hhnw  a  simple  frmturc  of  bolh  hnnciJ  of  tJie  itK  In  Ui^ir  io\r*»r 
tKird>,  Nol*!  llii*  inwnnl  fitlline  of  ihp  fool,  wjiilw  the  [M>Hitinii  cif  |he  knee  ih  normal. 
Photofr»|ihi»  tiikrii  h  few  nihiulcK  fi>llowinK  in  jury. 

violence.  It  is  often  caused  hy  a  twist  of  the  leg,  a  fall  from  a 
height,  a  direct  hlow  on  the  shin,  or  a  crushing  force,  such  as  being 
run  over  by  a  wagon.  Fractures  of  the  tibula  alone  are  usually  the 
result  of  direct  violence.  Fracture  of  the  tibia  alone  is  almost 
always  tlic  result  of  direct  violence.  Fracture  of  the  shafts  of 
tliese  hones  occurs  most  freiiiK^nlly  during  the  fourth,  fifth  anil 
sixth  decades.     This  accident  h  the  most  frequent,  occurring  in  the 


632  FRACTURES   AND   DISLOCATIONS 

necrotic  bone  or  arthritis  of  the  knee.  Persistent  discharging 
sinuses  call  for  operation  to  remove  the  dead  bone.  Early  guarded 
passive  motion  will  accomplish  a  great  deal  in  the  prevention  of 
permanent  adhesions  within  the  joint  cavity.  Anesthesia  and 
forcible  passive  motion  may  be  indicated  to  break  up  organized 
adhesions  within  the  knee.  Even  arthrotomy  may  be  called  for  in 
instances  in  which  the  adhesions  are  unusually  strong.  Early 
passive  motion  is  called  for  to  restore  the  function  of  the  knee  but 
the. greatest  care  should  be  exercised  to  avoid  refracture  during 
the  time  the  callus  is  friable.  If  a  firm  grasp  be  taken  of 
the  upper  end  of  the  tibia,  force  may  be  applied  with  much  less 
risk  than  is  the  case  when  the  leg  is  moved  by  the  usual  grip  above 
the  ankle.  The  lower  the  leg  is  grasped,  in  performing  passive 
motion,  the  less  the  surgeon  appreciates  the  leverage  he  is  exerting 
against  the  upper  end  of  the  bone  and  the  articulation.  The  dress- 
ing should  be  renewed  from  time  to  time  to  accommodate  the 
changes  which  occur  with  the  onset  and  subsidence  of  swelling. 
The  older  the  patient  the  longer  the  time  required  for  firm  union 
to  take  place  and  the  more  imperfect  recovery  will  be  in  the  end. 

In  avulsion  of  the  tubercle  of  the  tibia  union  may  be  expected 
within  six  weeks  and  the  member  may  be  actively  used  at  the  end 
of  two  and  a  half  months.  If  the  condition  has  been  treated  by 
non-operative  methods  the  parts  should  be  frequently  inspected  to 
see  that  the  strappings  are  properly  performing  their  function  in 
holding  the  fragment  in  reduction. 

In  separation  of  the  upper  tibial  epiphysis  the  knee  should  be 
immobilized  for  a  period  of  six  weeks  during  the  latter  half  of 
which  time  passive  motion  should  be  performed  at  intervals  of 
four  or  five  days. 

In  dislocations  of  the  upper  end  of  the  fibula  retentive  apparatus 
should  be  kept  in  place  for  about  a  montli,  provided  the  luxation 
has  not  been  secured  in  position  by  operation  and  internal  fixation. 
During  this  time  undue  strain  should  be  avoided,  especially  activ- 
ities which  involve  forceful  contraction  of  the  flexors  of  the  leg  of 
which  the  biceps  is  one. 

Prognosis. — The  prognosis  of  fractures  of  the  upper  end  of  the 
tibia  is  very  variable  according  to  tlie  extent  and  severity  of  the 
lesion.  Simple  fractures  not  produced  by  severe  trauma  are 
usually  followed  by  complete  restoration  of  function.  On  the  other 
hand,  a  seven?  compound  fracture  entering  the  knee-joint  may  be 
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followed  by  infection  of  the  knee-joint  with  septicemia  and  death. 
Restoration  of  function  in  severe  cases  is  usually  prolonged  and 
seldom  complete.  The  development  of  septic  arthritis  renders  the 
fracture  itself  only  of  secondary  importance.  The  prognosis  fol- 
lowing operative  cases  is  better  than  those  treated  by  non-operative 
methods.  Union  often  takes  place  with  permanent  thickening 
below  the  knee  and  the  motion  in  the  articulation  is  not  infrequently 
restricted. 

The  prognosis  of  avulsion  of  the  tubercle  of  the  tibia  in  the  adult 
is  good  with  proper  treatment;  when  separated  as  an  epiphysis 
the  prognosis  is  equally  good. 

The  prognosis  of  fractures  and  dislocations  of  the  upper  end  of 
the  fibula  is  good,  aside  from  the  injuries  sustained  by  the  peroneal 
nerve.  When  the  nerve  is  injured  the  outlook  varies  with  the 
degree  of  the  injury  and  the  completeness  of  repair  which  is  pos- 
sible at  operation. 
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tion  of  the  knee-joint,  thouj^h  the  two  external  lateral  ligaments  of 
the  knee  an»  attaeh(»(l  to  it.  The  lon^  head  of  the  bieeps  (outer 
hamstring  niusele)  is  inserted  around  the  base  of  the  styloid 
process,  and  tlie  attachments  of  the  soleus,  peroneus  longus  and 
extensor  longus  dijfitonun  are  continued  \ip\vard  from  the  shaft 
onto  the  upper  extremity  of  the  bone.  This  epiphysis  of  the  fibula 
begins  to  ()s.sify  about  the  fourth  year  and  joins  the  shaft  at  about 
the  twenty-fifth.  Violent  contraction  of  tlie  biceps  is  known  to 
have  caused  fracture  of  tlie  upper  end  of  the  fibula,  or  separation 
of  the  epiphysis,  and  adduction  of  the  leg  has  produced  the  same 
result  through  tlu»  pull  of  the  external  lateral  ligaments.  Fracture 
of  the  ui)per  end  of  the  fibula  just  below  the  head  of  the  l)one  is 
usually  tlu'  result  of  direct  violence.  Occasionally  it  accompanies 
fracture  of  the  upper  end  of  the  tibia. 

The  upper  tibio-fibular  articulation  is  a  simi)le  arthrodial  joint 
with  very  limited  motion.  The  articular  surfaces  entering  into  its 
formation  an*  flat  and  the  int(»grity  of  the  joint  depends  entirely 
on  the  strength  of  the  lijraments  holding  the  two  bones  together. 
This  joint  possesses  an  anterior  and  a  posterior  ligament  which  are 
thicki'uings  in  the  capsule  surrounding  the  articulation.  Anterior 
and  posterior  displa<*ements  are  prevented  as  long  as  the  force  is 
not  sufTicient  to  rupture  these  ligaments.  Upward  displacement 
is  prevented  not  only  by  th(»se  ligaments  but  by  the  interosseous 
membrane  and  the  lower  tibio-fibular  articulation.  The  importance 
of  displacements  of  the  u|)per  end  of  the  fibula  depends  mainly  on 
the  fact  that  the  peroneal  nerv(»  winds  around  the  neck  of  the 
hour  and  may  be  injured  with  direct  violence  to  the  outer  side  of 
the  I('«r,  or  when  the  head  of  the  fibula  is  luxated.  This  nerve  can 
be  frit  beneath  the  skin  behind  the  tendon  of  the  biceps.  It 
passes  between  the  tendon  of  the  biceps  and  the  outer  head  of  the 
gastrocnemius  and  then  winds  around  the  neck  of  the  fibula.  It 
|)asses  forward  to  join  th<»  anterior  tibial  artery  and  gives  off 
brandies,  as  it  j)asses  down  th(»  fnmt  of  the  leg,  to  supply  the 
extensors  of  the  foot.  Injury  to  this  lu^rve  is  accompanied  by  foot 
drop. 

Etiology.  Fra<'tun*s  of  the  upper  <*n(ls  of  the  tibia  and  fibula  are 
usually  (iur  to  direet  vi()h*ne(».  Forcible  adduction  or  abduction 
of  the  leg  imiy  result  in  fracture  of  the  tuberosities.  Violence 
transmitted  in  the  axis  of  the  leg  may  produce  fracture  of  the 
upper  end  of  the  tibia  and  fibula,  although  all  forms  of  indirect 
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will  so  dispiaee  these  fluids  that  ttie  condition  of  the  bone  may  be 
reeognized. 

The  weakest  part  of  the  tibial  shaft  is  at,  and  just  below,  tlip 
junetion  of  the  middle  mu\  lower  thirds,  and  it  is  here  that  fraeture 
most  fn^qneutly  oeeurs.  The  .shaft  is  eoiripoRed  of  a  tube  of  heavy 
('Otupaet  tissue  and  the  fraetures  occurring  iu  this  region  are  elean 
eut  and  show  no  impaetion  or  crushing  of  bone  tissue.  Couiminii- 
tion  is  not  infrequently  seen  and  the  fracture  may  he  mnitiple; 
but  the  frag:ment,s  are  hard  an*!  the  edges  clean  eut,  and  screws  fintl 
a  firm  foothold  when  the  Lane  plate  is  employed  to  secure  rt*duc- 
tion  and  Hamol>ili^atjon.  The  shaft  of  the  tibia  normally  bows 
slightly  forward  while  the  tibula  hows  a  little  iu  tlie  opposite  direc- 
tion. 

The  shnft  of  !hr  tihula  is  alfuowt  entirely  surrounded  by  muscles 
wliieh  act  as  cushions  in  tlie  ]>resencc  of  ilirect  violence.  The  upper 
extremity  and  external  malleolus  are  the  only  portions  of  the 
fibuia  which  can  he  satisfactorily  palpated.  The  lower  third  or 
fourth  of  the  external  surfaee  of  the  bone  may  be  felt  between 
the  peroneus  tertius  anterioi-ty  and  the  jjeroneus  lougns  and  brevis 
posteriorly.  The  shaft  of  the  fihula  is  lon^  and  si*  ndcr  and  nor- 
mally [M>sse»sses  a  eei'tain  degree  of  spring  when  compressed  against 
the  tibia.  This  fact  is  of  importance  clinically  since  lateral  pres- 
sure, in  the  presence  of  frat^ture,  will  detect  an  inercase  or  loss  of 
this  spring  as  corjipared  with  the  oprposite  fibula,  even  though  the 
bone  eannot  be  direcdly  palpated. 

The  shafts  of  the  bones  of  the  leg  arc  usually  both  broken, 
though  isolated  fracture  of  either  bone  muy  oeeur.  The  fibula  is 
more  frequently  fractured  than  the  tibie.  When  both  bones  are 
broken  the  lesion  in  the  fibula  is  usually  at  the  liighi'r  level.  The 
fnieture  in  the  tiliia  may  be  transverse,  oliIi([Uc,  spiral,  or  longi- 
tndinal.  Spiral  and  oblique  fractures  are  quite  common  below  the 
middle  of  the  shaft  and  are  usually  the  result  of  indirect  violence. 
Transverse  fnicturcs  are  more  common  ahove  the  oiiddle  of  the 
shaft  and  arc  usually  due  to  direct  violence. 

The  upper  posterior  porticns  of  the  shafts  of  the  liones  of  the 
leg  arc  eovennl  and  protected  by  the  heavy  calf  mnselcs,  ami  the 
tendo  Achillis  in  the  lower  part  of  the  leg  is  eapahle  of  breaking 
the  force  of  a  blow,  when  direct  violence  is  sustained  from  hehin-l 
Anteriorly  the  tibia  has  no  such  protection  hut  receives  the  full 
force  of  direct  violence  ai»plieil  to  the  shin. 
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violence^  is  often  t*anii>oniiil  niu]  if  the  litn*  of  fracture  enters  the 
joint  it  may  be  followed  hy  suppurative  arlliritis. 

Avulsion  of  the  tuberele  of  the  tibia  is  aecompauied  by  a  more  or 
less  upward  fHsphieeiiient  of  the  patella  aeeordiiig  to  the  extent  of 
teariu"^^  in  the  lateral  expunsions  of  the  apouiuirosis  of  the  quadri- 
eej>M  extensor.  Tbe  loose  detaelied  fragment  ean  lie  palpated 
without  dilfirnlty  unless  the  swellinff  is  intense.  The  ligament um 
patelhe  is  ahuoi'mally  lax,     Ruj^tnre  of  the  patellnr  ligament  gives 
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Fig.  682. — LoiieituiliTinl   fracttjn^   of   the  mppor  ptid  of  the  right   tibia.     Tuberoftitii 
ftpread  ao  that  finisher  muy  hi*  prc»Herl   intu  fxtcrnul  ArticuUr  cnvity  just  tibove  promtn«iii 
indicated  by   nrrow.      8iirh   ci   frnrdirti  will   ititerfen^  with  the  uftL»'of  the  Icneegoint  un' 
thi*    rroi^iniMrilK   lire   brouiflit    toBTPlbcr    nvd    h«^M    in   plure*,      Ojupriition,    Ik   iifiu»lly    necei 
in  thiK  type  of  came  to  Bet-un;  Th<'  bt-wt  ri'SkiU*. 
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a  sinnlar  wyrnptnmeoTnplex  except  for  the  absence  of  the  detached 

fragment  of  the  tuht  rele. 

Separation  of  tbe  upper  tibial  epiphysis  is  attended  by  s^^mptoms 
similar  to  fraeture  in  this  region.  Tbe  epiphysis  may  he  displaeed 
in  any  direetion.  The  erepitu«  produced  by  manipulation  i,s  soft 
and   eartilaginous.     The  eondition  is  extremely  rare. 

Fracture  or  epiiihyseal  se|mration  of  the  upper  end  of  tbe  fibula 
is  aeeouipanied  by  local  tenderness  and  pain  espeeially  when  the 
leg  is  used.  It  is  often  possible  to  move  the  head  of  the  l>one  about. 
Crepitus  is  usually  elicited  without  diffieulty.     If  the  fracture  is 
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through  the  tibio-fibular  artieulatiou  or  below  it,  pressure  on  the 
shaft  of  tlie  bone,  in  the  middle  of  the  leg,  will  produce  pain  at  the 
seat  of  fracture.  Injury  to  the  peroneal  nerve  will  be  productive 
of  characteristic  symptoms  in  motion  and  sensation  throughout  the 
distribution  of  the  nerve.  In  luxations  of  the  fibular  head  the 
upper  end  of  the  bone  is  more  prominent  than  normal  and  its  dis- 
placement either  forward  or  backward  is,  as  a  rule,  easily  recog- 
nized. 

Injuries  to  vessels  and  nerves  are  not  as  common  in  this  region 
of  the  leg  as  they  are  in  fractures  of  the  lower  end  of  the  femur  but 
when  they  do  occur  the  same  train  of  symptoms  will  become  mani- 
fest. 

Diagnosis. — There  is,  as  a  rule,  little  difficulty  in  recognizing 
fracture  in  this  region.  A  simple  transverse  break,  however,  just 
below  the  tibial  tuberosities,  may,  in  rare  instances,  be  difficult 
to  determine  without  the  aid  of  the  X-ray.  In  tlie  exceptional 
cases  in  which  the  shaft  is  impacted  into  the  upper  fragment  with- 
out splitting  the  latter,  abnormal  mobility  may  be  absent,  but  the 
condition  should  be  recognized  by  the  shorten! n^^  of  the  leg,  and 
in  some  instances  there  will  be  sufficient  angular  deformity  to  indi- 
cate the  nature  of  the  lesion.  The  X-ray  is  of  the  greatest  value 
in  determining  the  nature  of  the  injury  in  the  exceptional  cases 
in  which  the  physical  signs  are  indefinite. 

When  the  upper  end  of  the  fibula  alone  is  fractured  the  patient 
may  be  able  to  get  about,  though  the  use  of  the  member  entails  more 
or  less  swelling  and  pain.  This  fracture  has  not  infrequently  been 
overlooked  in  spite  of  the  fact  that  pressure  in  the  middle  of  the 
shaft  is  productive  of  pain  at  the  site  of  the  lesion,  if  the  fracture  is 
below  or  through  the  upper  tibio-iibular  articulation.  If  the  frac- 
ture is  above  this  level  it  should  l)e  recognized  by  direct  palpation. 

Treatment. — The  desiderata  in  the  treatment  of  these  fractures 
are:  reduction  of  deformity,  immobilization  of  the  fragments  and 
restoration  of  function  after  the  fragments  iiave  united.  The 
details  of  treatment  will  vary  with  the  type  and  severity  of  the 
fracture.  In  a  simple  transverse^  fracture  of  the  upper  end  of 
the  tibia,  deformity  is  often  slight  and  reduction  easy.  Strong 
traction  on  the  leg  with  direct  pressure  over  the  dis[)lace(l  frag- 
ment will  usually  effect  reduction.  The  fragments,  however,  are 
often  so  well  apposed  that  nothing  in  the  way  of  tnnitmeiit  is  indi- 
cated aside  from  fixation.     The  lower  extremity  should  be  immo- 
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bilized  on  a  long  posterior  splint  extending  from  just  above  the 
heel  to  a  point  a  short  distance  below  tlie  buttock.  The  regulation 
ham  splint  may  be  used  or  one  may  be  made  of  plaster.  The  knee 
should  be  fixed  in  a  position  just  short  of  complete  extension  and 
the  padding  employed  should  be  so  disposed  as  to  evenly  and  firmly 
support  the  lower  extremity  throughout  the  length  of  the  splint. 
If  there  is  any  tendency  for  the  foot  to  be  rotated  inward  or  out- 
ward the  splint  should  include  the  foot.  This  may  be  accomplished 
by  a  posterior  plaster  splint  extending  downward  to  include  the 
heel  and  sole  of  the  foot.  The  same  result  may  l)e  had  by  means 
of  a  long  plaster  stirrup  extending  well  up  onto  the  thigh,  or  the 
long  side  T-splint,  similar  to  that  used  in  fractures  of  the  hip,  may 
be  employed.  Whichever  splint  is  used  the  means  of  securing  it  in 
position  will  be  found  in  adhesive  strips  and  bandages.  In  cases 
in  which  the  traumatic  reaction  is  severe,  and  rapid  in  onset,  it 
may  be  advisable  to  postpone  manipulation  of  the  parts  until  it  has 
subsided.  This  is  particularly  true  when  the  fracture  has  entered 
the  knee-joint  with  the  development  of  a  traumatic  arthritis. 
When  the  fracture  enters  the  joint  cavity  the  correction  of  deform- 
ity and  maintenance  of  the  fragments  in  proper  reduction  is  usually 
much  more  difficult  than  in  simple  transverse  fracture.  In  a 
T-fracture,  or  breaking  off  of  one  of  the  tuberosities,  an  attempt 
should  be  made  to  force  the  fractured  surfaces  together  so  that 
the  articular  surfaces  on  the  head  of  the  tibia  will  be  in  proper 
relation  with  the  condyles  of  the  femur.  This  is  often  a  difficult 
matter  and  requires  skillful  manipulation.  If  one  of  the  tuber- 
osities has  been  broken  off,  lateral  deviation  of  the  leg  to  the 
opposite  side  will  often  facilitate  reduction  of  the  displaced  frag- 
ment. If  the  fracture  is  of  the  T-type  with  separation  of  the 
tuberosities,  adduction  or  abduction  of  the  leg  will  accomplish 
nothing.  Under  these  circumstances  strong  traction  in  the  axis  of 
the  tibia  will  be  necessary  while  the  tuberosities  are  forced 
together  by  lateral  prcs:sure.  In  some  cases  it  will  be  impossible  to 
approximate  the  tuberosities  in  this  manner,  and  in  other  instances 
the  tendency  to  recurrence  of  deformity  may  be  so  great  that  the 
tuberosities  separate  as  soon  as  traction  and  lateral  pressure  are 
removed.  Under  these  circumstances  open  reduction  either  with 
or  without  internal  fixation  is  indicated.  Not  infrequently  a 
loose  fragment  of  bone  between  the  tuberosities  acts  as  an  obstacle 
to  reduction  and  will  require  removal  before  the  fragments  can 


INJURIES   JUST   BEIiOW   THE   KNEE  629 

l)e  brought  into  proper  position.  Tn  instances  in  which  the  shaft 
has  been  driven  into  the  upper  end  of  the  tibia  with  extensive 
connninution,  the  destruction  of  bone  may  be  so  great  that  it  is 
impossible  to  restore  the  original  contour  of  the  upper  extremity 
of  the  bone.  In  this  type  of  case  continuous  traction  by  means 
of  Buck's  extension  will  often  accomplish  more  than  any  other 
method.  When  extension  is  employed  for  this  p\irpose  the  lower 
extremity  should  be  so  fixed  to  the  splint  that  the  traction  does  not 
pull  the  axes  of  the  tibia  and  fibula  into  the  snme  straight  line, 
otherwise  the  normal  lateral  angle  of  the  knee  will  be  obliterated. 

What  has  been  said  of  the  treatment  of  fracture  of  the  upper 
end  of  the  tibia  applies  equally  well  in  separation  of  the  upper 
tibial  epiphysis. 

Avulsion  of  the  tibial  tul)ercle  in  the  adult  usually  calls  for 
operative  treatment  to  secure  the  fragment  in  proper  position. 
Straps  of  adhesive  above  the  patella  to  prevent  upward  displace- 
ment, and  bandages  about  the  u[)per  part  of  the  leg  to  force  the 
fragment  home  are,  as  a  rule,  only  partially  successful.  If  there 
has  been  little  or  no  upward  dis[)lacement  of  the  fragment  non- 
operative  measures  will  i)robably  producfc  the  desired  result. 
Starting  of  the  tubercle  as  an  epiphysis  is  usually  not  attended  by 
much  displacement  and  the  treatment  will  consist  of  fixation  and 
rest  until  the  loosened  portion  of  the  epiphysis  has  become  firmly 
fixed  again. 

In  luxations  of  the  head  of  the  (ibula,  pads  may  be  so  placed,  and 
held  in  position  by  straps  of  adhesive  plaster,  as  to  prevent  recur- 
rence of  deformity.  The  lower  extremity  should  be  immobilized 
for  three  or  four  weeks,  and  in  backward  luxations  the  condition 
should  be  treated  with  the  knee  semifi(»xed  to  relax  the  pull  of  the 
biceps.  If  these  measures  are  not  eflVctive  in  maintaining  reduc- 
tion, or  if  evidences  of  nerve  lacerati(m  are  pn»sent,  operation  is 
indicated.  (3peration  is  also  in<iieated  in  fiactures  of  the  fibular 
head  with  upward  displacement  of  the  fragment. 

Operative  Treatment. — In  cases  of  simple  transvrrst*  fracture  of 
the  tibia  below  the  knee,  with  good  reduction,  op(M'ative  interven- 
tion ofTers  nothing,  but  when  the  fracture  enters  the  joint  cavity  it 
may  become  necessary  to  cut  down  on  the  fragments  to  restore  the 
articular  surfaces  of  the  knee-joint  to  their  normal  relations. 
(*a.ses  in  which  the  tuberosities  cannot  othcrwisv*  be  brought  back 
into  proper  relation,  or  in  which   recurrence  of  deformity  takes 
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])1a('(%  sho\i1(l  bo  operated  upon.  If  two  longitudinal  incisions  are 
made,  one  on  tlie  inner  and  the  other  on  the  outer  side  of  the  joint, 
the  frajrnient«  nuiy  be  directly  manipulated  and  reduction  effected. 
If  a  solid  enira^ement  can  be  obtained  bt^tween  them,  the  incisions 
may  be  closed  and  splints  applied.  If  a  tendency  toward  the 
recurrence  of  deformity  is  manifest  the  fragments  should  be 
secured  l)y  some  metliod  of  internal  fixation.  Non-absorlmble 
materials  should  not  b(»  used  if  the  fracture  is  compound.  In  a 
number  of  cases  of  T-fra<*tures  the  author  has  found  the  following 
pro(*ed\ir(»  satisfactory:  two  holes  are  drilled  transversely  through 
the  tuberosities  after  th(\v  have  Im^cii  forced  togt*ther,  and  a  heavy 
silver  wire  is  tlircadcd  through  the  holes  and  the  ends  tightly  twisted 
together,  thus  maintaining  the  fragments  in  proper  position  and 
restoring  the  intraarticular  surfaces  in  their  normal  relations. 
This  method  is  e(|ually  efficient  in  instances  in  wiiich  one  of  the 
condyh^s  is  broken  otV  and  displaced.  The  principle  is  the  same  as 
that  already  described  as  *Mransvei*s<»  wiring"  \inder  the  heading 
of  ^'Operative  Treatment  of  the  liower  End  of  the  Femur."  Nails, 
screws,  and  the  Lane  plate  are  at  a  discount  in  this  region  l>ecau8e 
of  the  internal  structun*  of  the  upper  end  of  the  tibia  which  is 
compostMl  of  a  h)ose  canc(»llous  tissue.  Compound  fractures  of  the 
upper  (*n(l  of  the  tibia  sliouhl  be  treated  according  to  the  principles 
lai<l  down  under  tin*  heading  of  *'Th(»  Treatment  of  Compound 
Fractures*'  on  pag(»  789. 

Avulsion  of  tile  til)ial  tubercle  witii  displacement  of  the  frag- 
ment can  seldom  be  rcduetMl  and  maintained  in  proper  position 
without  operation.  T\w  fragment  may  be  s<»cured  in  place  by 
means  of  ii  small  luii)  or  it  may  be  sutured  to  the  adjacent  peri- 
osteum and  surrounding  soft  tissues  with  alworbable  suture  material. 
Trobahly  the  best  method  in  the  adult,  is  to  secure  it  to  the  shaft  by 
means  of  a  loop  of  silver  wire.  The  scale  of  l>one  torn  away  may 
be  too  small  to  fix  in  this  manner,  or  instead  of  an  avulsion  there 
may  be  a  rupture  of  th(»  patellar  ligament,  and  when  either  of  these 
conditions  is  encountered,  the  operation  must  consist  of  suturing 
of  the  soft  tissues  to  properly  anchor  the  ligament.  When  the 
tubercle  is  avulsed  as  an  epiphysis  it  should  not  be  sutured  in 
position  with  anything  except  absorbable  material. 

An  occasion  calling  for  o[K*n  rcMluction  of  a  complete  separation 
of  the  u[)per  tibial  epii)hysis  almost  never  arises.  In  fractures  or 
dislocations  of  the  upper  end  of  the  fibula,  the  condition  most  often 
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rendering  operation  neeessar>%  is  injury  to  the  peroneal  nerve  as  it 
winds  around  the  neck  of  the  bone.  Wlien  a  portion  of  tlie  fibular 
head  has  been  displaced  upward  by  the  pull  of  tlie  biceps,  the 
fragment  should  be  exposed,  replaced  and  sutured  in  position. 
Non-operative  methods  of  correcting  this  displacement  are  usually 
not  successful. 

In  dislocations  of  the  head  of  the  fibula  the  most  prompt  recovery 
and  complete  restoration  of  function  follow  o[)eii  reduction,  with 
fixation  of  the  head  in  proper  position  against  the  external  tibial 
tuberosity.  This  may  be  accomplished  by  suturing  the  soft  tissues 
about  the  head  or  by  means  of  a  single  loop  of  wire  passed  through 
the  adjacent  portion  of  the  tuberosity. 

After-Treatment. — The  first  portion  of  the  after-treatment  will 
depend  largely  on  the  intensity  of  the  traumatic  reaction  following 
the  injury  and  whether  or  not  the  knee-joint  is  involved.  When 
the  reaction  is  severe  it  is  often  best  to  postpone  manipulation  of 
the  parts  until  it  has  subsided.  The  lower  extremity  should  be 
treated  on  a  pillow-splint  and  the  member  elevated  to  favor  circu- 
lation. The  ice  cap  will  aid  materially  in  controlling  the  swelling. 
Undue  constriction  of  the  member  should  be  avoided.  With  the 
subsidence  of  swelling,  reduction  should  be  accomplished  by  non- 
operative  methods,  if  possible,  or  with  oi)eration  if  neces.sary.  At 
the  end  of  ten  days  or  two  weeks  a  permant^nt  dressing  should  be 
applied.  The  plaster  cast  or  plaster  splints  will  be  found  quite 
satisfactory  in  this  respect.  If  the  plaster  cast  is  used  it  should  be 
split  up  the  front  before  the  plaster  has  set  so  that  it  may  be 
removed  during  the  after-treatment  tor  inspection,  massage  and 
passive  motion  of  the  leg.  Kepeat(Ml  adjustments  will  be  found 
necessary  during  the  after-treatment  to  keep  th<»  patient  comfort- 
able. Frequent  inspection  of  the  le»r  is  necessary  to  recognize  and 
treat  pressure  points  on  tlie  skin,  should  they  develop.  In  the 
healthy  adult  union  is  to  be  expected  in  an  uncomplicated  case  at 
the  end  of  six  weeks,  but  the  callus  at  this  time  is  too  soft  to  with- 
stand any  considerable  strain.  The  full  weight  should  not  be 
borne  on  the  leg  for  another  month.  (Jratifying  results  have  been 
obtained  by  use  of  the  ambulatory  pneumatic  splint  in  simple  frac- 
tures of  this  region.  When  this  splint  is  employed  it  is  often 
possible  to  begin  the  ambulatory  treatment  as  soon  as  the  acute 
swelling  has  subsided.  In  compound  fractures  of  the  up[)er  end 
of  the  tibia  recovery  may  be  much  delayed  by  tlie  development  of 
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necrotic  bone  or  arthritis  of  the  knee.  Persistent  discharging 
sinuses  call  for  operation  to  remove  the  dead  bone.  Early  guarded 
passive  motion  will  accomplish  a  great  deal  in  the  prevention  of 
permanent  adhesions  within  the  joint  cavity.  Anesthesia  and 
forcible  passive  motion  may  be  indicated  to  break  up  organized 
adhesions  within  the  knee.  Even  arthrotomy  may  be  called  for  in 
instances  in  which  the  adhesions  are  unusually  strong.  Early 
passive  motion  is  called  for  to  restore  the  function  of  the  knee  but 
the. greatest  care  should  be  exercised  to  avoid  refracture  during 
the  time  the  callus  is  friable.  If  a  firm  grasp  be  taken  of 
the  upper  end  of  the  tibia,  force  may  be  applied  with  much  less 
risk  than  is  the  case  when  the  leg  is  moved  by  the  usual  grip  above 
the  ankle.  The  lower  the  leg  is  grasped,  in  performing  passive 
motion,  the  less  the  surgeon  appreciates  the  leverage  he  is  exerting 
against  the  upper  end  of  the  bone  and  the  articulation.  The  dress- 
ing should  be  renewed  from  time  to  time  to  accommodate  the 
changes  which  occur  with  the  onset  and  subsidence  of  swelling. 
The  older  the  patient  the  longer  the  time  required  for  firm  union 
to  take  place  and  the  more  imperfect  recovery  will  be  in  the  end. 

In  avulsion  of  the  tubercle  of  the  tibia  union  may  be  expected 
within  six  weeks  and  the  member  may  be  actively  used  at  the  end 
of  two  and  a  half  months.  If  the  condition  has  been  treated  by 
non-operative  methods  the  parts  should  be  frequently  inspected  to 
see  that  the  strappings  are  properly  performing  their  function  in 
holding  the  fragment  in  reduction. 

In  separation  of  the  upper  tibial  epiphysis  the  knee  should  be 
immobilized  for  a  period  of  six  weeks  during  the  latter  half  of 
which  time  passive  motion  should  be  performed  at  intervals  of 
four  or  five  days. 

In  dislocations  of  the  upper  end  of  the  fibula  retentive  apparatus 
should  be  kept  in  place  for  about  a  month,  provided  the  luxation 
has  not  been  secured  in  position  by  operation  and  internal  fixation. 
During  this  time  undue  strain  should  be  avoided,  especially  activ- 
ities which  involve  forceful  contraction  of  the  flexors  of  the  leg  of 
which  the  biceps  is  one. 

Prognosis. — The  prognosis  of  fractures  of  the  upper  end  of  the 
tibia  is  very  variable  according  to  the  extent  and  severity  of  the 
lesion.  Simple  fractures  not  produced  by  severe  trauma  are 
usually  followed  by  complete  restoration  of  function.  On  the  other 
hand,  a  severe  compound  fracture  entering  the  knee-joint  may  be 
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followed  by  infection  of  the  knee-joint  with  .sei)tieeniia  and  deatli. 
Restoration  of  function  in  severe  cases  is  usually  prolonged  and 
seldom  complete.  The  development  of  septic  arthritis  renders  the 
fracture  itself  only  of  secondary  importance.  The  prognosis  fol- 
lowing operative  cases  is  better  than  those  treated  by  non-operative 
methods.  Union  often  takers  place  with  permanent  thickening 
l>elow  the  knee  and  the  motion  in  the  articulation  is  not  infrequently 
restricted. 

The  prognosis  of  avulsion  of  the  tubercle  of  the  tibia  in  the  adult 
is  good  with  proper  treatment;  when  separated  as  an  epiphysis 
the  prognosis  is  equally  good. 

The  prognosis  of  fractures  and  dislocations  of  the  upper  end  of 
the  fibula  is  good,  aside  from  the  injuries  sustained  by  the  peroneal 
nerve.  When  the  nerve  is  injured  the  outlook  varies  with  the 
degree  of  the  injury  and  the  completeness  of  repair  which  is  pos- 
sible at  operation. 


CHAPTER  XLV. 

FRACTURES  OF  THE  SHAFTS  OF  THE  BONES 
OF  THE  LEG. 

The  division  of  fractures  of  the  leg  into:  Fractures  of  the  upper 
ends,  Fractures  of  the  shafts  and  Fractures  of  the  lower  ends,  is 
not  a  scientific  classification  of  these  injuries,  yet  it  forms  a  work- 
ing basis  for  their  consideration.  There  is  no  hard  and  fast  line 
to  be  drawn  between  fractures  of  the  shaft  and  fractures  of  the 
extremities.  The  nearer  the  break  is  located  to  the  end  of  the 
bone  the  more  it  assumes  the  characteristics  of  a  typical  fracture 
of  the  extremity. 

Surgical  Anatomy. — The  shafts  of  the  bones  of  the  leg  are  each 
ossified  from  centers  which  make  their  appearances  during  the 
seventh  and  eighth  weeks  of  foetal  life.  That  for  the  tibial  shaft 
delevops  first.  The  shaft  of  the  tibia  constitutes  the  main  strength 
of  the  leg.  It  is  distinctly  triangular  in  cross-section  and  shows 
three  surfaces  se|)arate(l  from  each  other  by  three  prominent 
borders.  The  anterior  border  is  subcutaneous  and  may  be  palpated 
from  the  tibial  tubercle  to  the  internal  malleolus.  The  lower  third 
of  this  border,  however,  is  much  less  prominent,  and  is  more  or  U»ss 
obscured  by  the  tendon  of  the  tibialis  anticus.  The  external  border 
is  directed  toward  th(»  fibula  and  has  attached  to  it  the  heavy 
int(M'osseous  membrane.  The  internal  border  may  be  palpated 
throughout,  though  in  well  developed  persons  the  middle  portion 
is  more  or  less  encroached  upon  by  the  bellies  of  the  flexor  muscles 
of  the  foot.  Th(»  internal  surface  of  the  bone  is  s\ibcutaneous  except 
for  the  insertions  of  the  gracilis,  semitendonosus  and  sartorius, 
which  are  attached  to  the  ui)per  end,  a  short  distance  below  the 
inner  tul)crosity.  With  the  intense  swelling,  which  so  frequently 
develops  following  fracture,  it  is  hard  to  realize  that  this  portion  of 
the  bone  is  subcutaneous.  Th(»  thickening  is  often  sufficient  to 
obscure  the  outline  and  render  f)alpation  difficult,  but  it  should 
Ix*  rcmcmi)cred  that  this  infiltration  is  in  the  subcutaneous  tissues 
and  that  gentle,  firm  and  contiiHied  pre*ssure,  with  the  finger  tips. 
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will  so  displace  these  fluids  that  the  eonditiou  of  the  bone  may  be 
reeog-nized. 

Tile  weakest  part  of  the  tibial  shaft  is  at,  and  jimt  below,  tiie 
juiietioii  of  the  middle  and  lower  thirds,  and  it  is  here  that  fraetnre 
most  frequently  occurs.  The  sliat't  is  composed  of  a  tube  of  heavy 
compact  tii^siie  and  the  fractures  occurring  in  this  region  are  clean 
cut  and  show  no  impaction  ov  crushing  of  bone  tissue.  ComminU' 
tion  is  not  infrequently  seen  and  the  fracture  may  be  muUipUN 
but  the  fragnu'iits  an^  hard  and  thr  etlgcs  clean  cut,  and  scn-ws  (iiid 
a  tirm  foothold  when  the  Lane  plate  is  employed  to  secure  reduc- 
tion and  iuunobili/ation.  The  shaft  of  the  tibia  normally  bows 
Kliglitly  forward  while  tlic  tibula  bows  a  little  in  the  opposite  direc- 
tion. 

The  shaft  of  the  fibula  is  almost  entirely  snrronnded  by  muscle^ 
which  act  as  mishions  in  tltc  presence  of  direct  violerree.  Tlie  upper 
extremity  and  external  nuilleolns  are  t!ie  only  portions  of  the 
fibula  wbieb  can  be  satisfactorily  paljiati^d.  The  lower  third  or 
fourth  of  the*  external  surface  of  the  bone  may  be  felt  between 
the  peronetis  tertiua  anteriorly  and  the  peroneus  longus  and  brevis 
fiosteriorly.  The  sliaft  of  the  fibula  is  long  aiul  slender  and  noi*- 
mally  possesBes  a  certain  degree  of  spring  wlien  compressed  against 
the  tibia.  This  fact  is  of  imt»ortanee  elinieally  since  lateral  pres- 
sure, in  the  presence  of  fraehue,  will  detect  an  increase  or  loss  of 
this  spring  as  eoiuparetl  witfi  the  opposite  tibula,  even  though  the 
bone  cannot  be  directly  palpated. 

Tfic  shafts  of  the  bones  of  the  lejr  are  usually  both  broken, 
though  kolatcd  fracture  of  either  bone  uuiy  occur.  Tfic  fibula  is 
more  frequently  fractured  than  the  tibia.  When  both  bones  are 
broken  the  lesion  in  the  fibula  is  usually  at  tbc  higher  level.  The 
fracture  in  the  tibia  may  l>e  transverse,  oblititic,  spiral,  or  longi- 
tudinal. Spiral  and  olili<pie  fractures  are  quite  common  below  the 
middle  of  (he  shaft  and  arc  usually  the  result  of  indirect  violence. 
Tranavei^e  fractures  are  more  common  above  the  middle  of  the 
shaft  and  are  usually  due  to  direct  violence. 

The  upper  posterior  porticns  of  the  shafts  of  the  bones  of  the 
b-g  are  covered  ami  protected  by  the  heavy  calf  muscles,  and  the 
ten  do  Aeh  litis  in  the  lower  part  of  the  leg  is  cafvable  of  breaking 
the  force  of  a  blow,  when  direct  viob^nee  is  sustained  from  behind . 
Anteriorly  the  tibia  bas  no  such  protection  but  receives  the  full 
force  of  direct  violence  applied  to  the  shin. 
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vn\miiKi<  Axn  ursLo*  stikss 


Ftf.   ftH». — rDnii»t>uiifl    (rr.vXuru  of   >Kith   hcin<*n  of   »hf   Irir.      Nnt««   tiir   i»vf>r*kon   of  iii» 


Flf.  684.-^Frtitufe  of  boih  bonri  of  llt#  l»t  (a  tbdr  bv^iir  ihird*,     Natu  th«  HaiI 
Uk*«  r«nidltlf>n 


Fljr.  nsri  — TciniTmuiid  fr*riur<»  nf  buth  b*tit<-*  uf  Itu  !.»:  wnii  .MHrinnfi,,'  mt,]  rvrr 
«ion.  Keiiutt  of  dlmt  vintlrriri'.  Kotr  thr  |i{>Nilkou  uf  (Ut»  pnirlUi  whirb  b>f>kii  dir«kctt)r 
upward  whib'  tin*  fnoi  m  doiidt^dly  I'ViTlvd,  Lowinr  <»nd  c»f  uppi^r  (riiinn«>fit  pfn^trnW 
th«  «kin   wbfrc  iho   wound   m  *n«i»n   ftt   "x." 
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The  siihcnitant^ous  position  oi'  the  anterior  border  ami  internal 
siirfaee  of  the  tiliia  aceoniits  for  tht*  large  i>roportion  of  eompouiid 
fraetures  in  this  region,  espeeially  when  ean.^ed  bv  direet  violence*. 
The  direction  of  the  oblique  or  spiral  fraetnre  is  nsually  from 
ahovf%  downwanl  and  forward. 

Etiology. — Fraetnre  of  tlie  shafts  of  the  bones  of  the  leg  is 
rather  a  eojumon  aceiilent  antl  rt^sults  from  either  direi-t  or  indirect 


Fig.   titfii. 


Fitt.   687. 

Fiffi.  6Rd  ftiid  tt8T,— Shrt*  «  nitnitl?  frm-turf  of  trnth  bone*  of  the  lee  In  tliplr  lower 
thirdti,  NoU^  (lie  inwiinl  full  in  k  of  iW  foiit,  wliili^  the  pnKitmti  »i  the  kuee  is  RonniiL 
PhiHogrnphn  twkrn  a  fi«w  iniiM]li*fl   fnlilttwing  mjury. 


%'iolenee.  It  is  often  enii??ed  by  a  twist  of  the  leg,  a  fall  from  a 
height,  a  direet  blow  on  the  shin,  or  a  erushing  for<*e,  sneh  as  being 
run  over  by  a  wagon.  Fraetnres  of  the  tibula  alone  are  usually  the 
result  of  direet  violenee.  Fracture  of  the  tibia  alone  is  almost 
always  the  rc^sult  of  direet  violence.  Fracture  of  the  shafts  of 
thf»se  bones  oeeurs  nmst  frerpn'ntly  tlnring  tlie  fourth,  tifth  and 
sixth  decadea.     This  aeeident  is  the  most  frequent,  occurring  in  the 
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lowrr  extiviiiity,  aiul  ('onNtitut<*s  {ipproxiniately  six  percent  of  all 


friif'tiir* 


Symptoms* — Iinraediate  and  total  loss  of  fuiKiion  is  the  ruleJ 


Fig,    tiHB. 


I 


FijfM  Vt>i^  tiiid  ('.Hi*. — Friiirturf  of  both  Tl>t>n»'n  rrf  tht-  li>^  nour  jmu'tion  of  lower  ami 
middle'  thirds  M-f^n  n  ft»w  niiiiuU>?(  iifter  Hie  at'ri*lfht  nnd  a|?nin  four  davfi  Iatt*r,  Note 
Ihe  pusuum  of  llif  (liilella  looking  dir<H'il^-  iipwurd  whih-  ihp  foot  hftA  fAlli*n  inM'iird  of  il« 
wwn  wiMpht.  Cmidilion  HaiMike.  In  Tip.  Ii89  (itanie  leg  four  days  later)  tin*  deform- 
ity  has  hp»'i>  <-orrwti'd  and  the  sides  of  the  tr«f'ture  box.  in  which  the  lep  hn«  biM?n 
pliired,  huve  tteen  b'l  down  for  itimpeot ion  of  the  pnrtfs  and  readjuBfment  of  the  p»dditigr. 
Note  thf  KWt'Uini;  of  the  leg  and  the  development  t*f  bbHid-hlebs  *ivtr  the  ftit<»  of  frarture. 
The  leg  ih  the  tnoM  comraoi]  fiit<^  for  the  devolupment  of  these  blood-blehs  following  frac- 
ture, The  leg  *hoald  not  be  put  in  n  permnnenl  dressing  tinlil  the  denuded  nurfiiwrs* 
rewnkiiifr  from  these  Wohn  hnvt*  tboroui^h1>    healed. 

Pain.  rrepitii8,  fihnoniial  lonhility  aiitl  deformity  are  almost  iitij- 
fof^nily  jirvsf'ut,  Thi'  deformity  is  iiKoally  suffieient  for  the  surgeon 
to  recognize  the  condition  by  inspertion  alone.     Fracture  at  the 
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usual  8ite  (near  tfie  jnnclion  of  th**  lower  and  middh*  thinls)  eom- 
mofdy  shows  a  downward  and  forward  disjdarc^niPiit  of  the  loAver 
end  of  the  upper  frat^ment  with  a  corresponding  upward  and  back- 
ward displaeenient  of  the  lower  fragment.  The  ]vg  is  uHually  flail- 
like and  the  foot  falln  idther  inward  or  outward  (usually  the  latter), 
according  to  the  position  in  which  the  lower  extremity  happens  to 


Fig.  HiPtJ. — -(irp4'n  Ktirk  fnirtiiri?  vt  fhe  Ubift  in  a  rliild  a  ff  w  miinvti^s  folluwiiii;  the 
injury.  Note  the  HliKlit  inwardi  txtwlng'  of  thi*  hkin.  In  tbb  riute  il  whm  (M>M>si1ilt>  to 
■ItghtV  Bpring  Ihe  tibin  iiiwitrd  by  klunil  pri'siiure.      Arro^   indirntps  »it4'  of  fni»  tiirr. 


Fiif  liiyi, — ^I'oubli*  iMun[Hiu»ii1  frnriturf  iif  liotb  hiunH  «>(  Uw  U-s.  Nutlt-  Ihf*  i*uHitiuii  of 
the  pttTcllri,  iij.  tuitlined  thrrjiiich  tho  banrlHirem,  :iiid  the  n-ltiitioTi  il  bcjirH  lo  Ihp  fool  whirh 
i»  cvert*"d  oxid  di>.|iliirtHl  poBiteriody,  T^i-^g:  Iwlow  tbc  frncture  it*  Hnil-like  jH*rnsittin(f  of 
dl«plftiemfnt  in  «ny  dirfction.  Extimjiivp  injury  to  soft  tii«iue«.  Tb»*  Hbiii  and  flTuilu 
(upper  f  r«iai)t>ntH }  pen«'trjitj^d  tin-  nkin  through  tb(»  woond  on  Ihe  ioiter  hide  of  the  l^jf 
At  indieiktc'd  by  **X  in  plauv  Tbe  blowl  on  Ibp  tnwpl  m  fominic  from  thin  nuiund.  In 
jury  prodiiic#d  by  hrnvy  wagon  loiidpd   with  ibrt***  ton**  of  rottl  pnKsinpc  <ivt>r  lepc- 

be  placed.  When  hoth  bones  arc  broken,  abnormal  mobility  m  much 
greater  than  when  the  tibia  alone  is  fractured.  It  is  not  uneoni- 
mon  to  see  the  end  of  eithf^r  the  ujjper  or  lower  tibial  fragment  pro- 
jecting through  tfic  skin  on  the  anterior  aspect  of  the  leg. 

Fracture  of  the  fibnbi  alone  i.s  not  attended  by  nuieh  loss  of  func- 
tion unb'ss  thi*  lircak  is  rlase  to  the  ankh\  and  i-ven  then  tlic  author 
hm  seen  cases  in  w^hicii  the  i>atient  was  able  to  walk,  in  sjiitt'  of 
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the  injury.  Pain  occurs  with  use  of  the  limb  and  pressure  on  the 
sluift  of  the  l)Oiie  will  produce  pain  at  thr  site  of  the  lesion  even 
though  the  pressure  he  iiiade  above  or  helow  the  level  of  fracture. 
Fracture  of  the  tihiila  near  tlie  ankh^  iiujy  disturb  the  iiiortiee  of  the 
ankh'  joint  by  an  outward  displaeenicnt  of  the  external  rnalleohis 
as  the  iii^per  end  of  tin-  lower  fra^nnent  is  displaced  toward  the 
tilna. 


Fi?,   692, 


Fif.   «93, 

FiffH.  692  and  fiWL— Twu  vivwv.  uf  nn  dliliqu*'  fnmtHre  of  ihr  Obin  a  few  in«^hf* 
nl^mve  thf*  nj^kle.  The  difij,*liii'*»mpnt  \n  xery  Kli(rht  bplwpi-n  th*:"  libial  fraifinentn.  Th«*  line 
i>i  tbe  frftcttire  can  Im»  Tt'copfiiurd  tiiily  by  careful  palpntion,  Tliif*  almoHl  romplet*  nbwrire 
of  defnrniiiy  is  due  to  tbc*  fai^t  thnt  tbr  Abxiln  remvioR  iatftct  and  arts  tih  u.  spliat  for  the 
UroUen  libia.  Photu^aph  about  twelve  houra  foUowms  the  accident.  Arrow  indieatea 
poHitmn  of  frarttire, 

Fracture  of  thf^  hones  of  the  leg  is  usually  attended  by  severe 
traumatic  reaction  within  a  few  hours  of  the  aeeident.  Swelling  is 
proHOunced  and  eeehymosis  develops  in  the  region  of  the  fracture 
iliiring  tlie  first  twenty-four  to  forty-eight  hours.  It  is  not  uneom- 
rnon  for  blebs  to  form  in  the  skin  at  any  time  during  the  first  week 
and  their  contents  may  he  either  blood  or  senira  or  a  mixture  of 
these  two  materials  (see  Fig;  689).  In  fractures  of  this  type  the 
injury  to  the  soft  tissues  may  be  so  great  that  the  fracture  itself  is 
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only  of  st'(M>ii(larv  iinfmrtaiice.  If  the  fibula  ivniains  intact 
abnormal  tuobility  will  nsijally  nut  be  as  proiionnre<l  an  when  both 
boiH'S  avt?  ln'ok«/iL  < Jri'rii-sti(-k  frai^turr  ul"  ihv  tibia  soaietiau^s 
ofciirs  ill  L'bilclrL'ii  and  may  hv  avroinpnuhd  by  such  slit^bt  pivttT- 
iiatural  mobility  as  to  render  rcco^njition  ditlficult  (Kee  Fig.  690). 
Mf >'t  fraetun^s  of  the  h'ii  are  acroTn|jaiHcd  by  severe  traumatic  reac- 


Fitr.  11)14. 


Viem,  (ip-i  find  «S5, — Svverr  r«inj»ciiin<U  t^ommintit^d  rmrttire  of  the  \yanm  rif  thi*  I^t 
HrworrtiMti*'  frri-r,  Niinu'rnniR  gl(iht»li^!><.  nf  fut  rontd  bo  jM*fii  in  thi«  blooil  nn  it  flnwp^l  frctrn 
thu  wiinnrl  hrtvinK  i'sf'np"**!  frum  thf  tiftftoit)  nf  \hv  tm'tUilldry  cavity.  TIihhc*  eli4l««lH>  of 
fol  in  (ho  l»l*w»d  reniititl  on**  *ff  thf  <'n«ii'fi  tsf  fiH  iniiholiHta  (*orin*lim«»s  i^nrountiirt'd  in  frnr 
l«rc».  Tim  lowiT  pUtt*  (Kiif,  tiUfi}  i»  n  t'lueier  vifw  nf  thf»  Miiino  nisp  nfti-r  Ihi"  hlunil 
ttiM  bwn  Rj^ttfed  nwiiy  w*  \h&  irA^menth  of  thi*  tihin  mn\   h*^  M**>n, 

tioii  but  occasionally  a  (*a8c  is  simmi  in  \vliit*li  llic  causative  trainna 
has  been  just  suflicii'nt  tn  produce  the  fracture  and  the  resultant 
swelling  aufi  ititlauniiaf ion  arc  sH^ht,  In  fraeture.s  pnidneeil  by 
great  trauuia  fhr  skin  coverinir  Ihr  tilua  luay  be  extensively  torn 
and  loose  fraioruicnts  i\\''  hone  uuiy  f>e  seen  lyiujx  in  the  wound.  In 
rare  instauees  the  lurcnlalion  Ireluw  tfie  fracture  may  be  destroyed 
HO  that  no  pulse  can  be  detected  in  the  dorsalis  pedis,  the  foot  be- 
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comes  cold  ainl  lifVli'ss  nnrl  i.s  InttT  fullo\vt*il  l»y  gangrene.     Sytnp-I 
torus  (if  nrrvH  injury  an-  ntn\ 

Diagnosis.  -Till*  syitiptcmm  ari\  as  a  nile,  proiiouiii»H<]  aiitl  there j 
in  litt]<:  dinifiiliy  in  rrrogni/Jii^'  the  frartiin\  Tlio  deforuiify  i»| 
TisriJilly  so  fhanit'lnristic  that  a  diagnosis  nan  he  niad«*  by  itis|itH*1JoQ] 
alone.     T\w  details  of  the  fracture,  however,  are  often  inipo8sibl6 


ii'llf.    tlllti. 


Fititi.  U96  mill  tiMT  — Hnvftri*,  raiiiiHiuml  frnrtnn*  of  tU*'  tihia  Miid  flhuU  In  tbfir  1 
urJ|"^r  Ihirdft.  rpiirr  ♦•ml  of  lavir<«r  litiiml  frucrwt'nt  («  dlftptiir^t^d  upward  niiil  ouiward  «.nd 
lk'»  jn»t  under  oovcr  4if  the  liikifi.  Kvtri'irit'  Ut'i.<'rnliuti  mihI  diim4iic«*  lo  tlir  voft  iJA*n<^ii.  1 
II  i»  tliiit  ij  |jti  af  frnrtur**  whicli  tinuiilly  r«4|uirn»  iimpulntion.  Hit*  o|>rntnjt  in  iht  ] 
nkin  in  ihi.'  n^nult  nl  trniimn  Ht  ih««  llmr  of  thr  nritdt'tH.  Nf^tf*  Ih*"  Anil  like  fttlHtudr  uf| 
the   l**g  (*i«lrm    th«'   frpn^run*. 


to  deti^rmin^^  without  thr  aid  of  t!ie  X-ray.     Isolatecl  fraetiire  ofl 
Hie  filiuhi    iiiay   ^o  imrreo^n i;^rd    uiileHs  a   earrfiil   f*xanii nation   isj 
inadi'.     Tile  .si^iiilieant   fad.  when  the  tibular  shaft  alone  is  frac- 
tured, is  that  pri'ssnre  on  the  shaft  of  the  hone  prncho^ea  pain  at 
the  site  of  tlu'  hrntk  rather  than  at  Iht*  fxiint  of  pri'ssure. 

Treatment     The  emergency  tnatmeot  of  fractures  of  th«  leg  isl 
of  {*oiLsiilerahle  ioijtortanee.     Smrif  form  of  tem[K>rary  splint  fihould 
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be  employed  in  transporting  the  patient  from  the  scene  of  the 
aeeident  to  the  hospital  or  home.  The  jrreatest  care  should  be  exer- 
cised to  avoid  converting  a  simple  fracture  into  a  compound  one. 


-ffiE- 
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Vifg.   698. — Foldinic   fraoture-box   laid   open. 


Fig.   G99. — Same  closed. 


This  may  be  easily  done  as  the  patient  is  being  moved,  or  during 
careless  manipulation  of  the  leg.  The  less  the  parts  are  disturbed 
at  this  time  the  less  pronounced  will  be  the  traumatic  reaction,  dur- 
ing the  following  week. 


^ 

B 

r 

Fi(C.  700. —  (A)  Paddini;  in  frurture-lM>x  t«>  ('<»nform  to  the  ponterior  aKpert  of  the 
leif.  (ft)  Frarture-box  chw^ed  and  hides  held  in  position  with  three  strips  of  adhesive 
plaster. 

In  the  reduction  of  fractures  of  the  h»g  an  anesthetic  should  be 
employed  to  relieve  the  pain  and  overcome  muscular  spasm.  If 
the  foot  is  grasped  above  the  ankle  and  strong  traction  exerted 
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while  an  asj^istant   iiHikrs  munt^'r  Iraetion  just  below  the  kne»%  it 
will   usually   be  possibli'  to  return   the    IVii^itK'Ut^s   to  their  properj 


relationg  witlrout  "^n'riit  iHllieult).  ('mii>tation  presHiire  nii  the  fraj^- 
uients  may  he  ueeessary  Mud  hi  trausvel'se  fraetures  au^ulHtion  of 
the  \vg  at  tile  seat  of  tlie  lireiik  ujay  be  retjiiired  fiel'ore  an  engage- 
uieut  of  the  rra<*rured  siirfaees  eati  he  hath  l*ressiire  should  not  be 
luade  diret  tly  over  the  proiuiiieiit  end  of  a  frapueut  lest  the  eoridi* 
liou  he  reiideretl  eoinpoinirl  liy  jn'iirtratioii  of  the  skin  from  within. 
It  is  eointaou  in  spiral  and  oblique  fraetures  to  see  recurrence  of 


I 


Kilts*.  TMl  nml  TO'-i.^^t^ea:  \h  fnt<]\  in  rr«('hH't»-hox  wiili  }iiM>|iT''r  i  .i.li. 
sjdt'  uf  Ihjs  l*"t  down  for  his|M*j'tiHfJ  mul  r»>ml,inr'lun'nt  of  rln^t.^-im:-' 
frtti'turi'  box  rlost^d  und  fnHt<*nrd. 


,    wittt 


deformity  take  jilaee  as  soon  as  the  foot  is  released,  and  it  is  this 
type  of  break  whiili  most  needs  operative  treatrtieut  and  intenial 
fixation. 

The  treatment  of  fraetures  of  tlie  h'g  varies  aeeording  to  the 
amount  of  fnuuna  find  laeeration  Kustained  by  the  soft  tissues  and 
tile  faeility  with  wiiieli  the  frafj^ments  ean  he  held  in  reduction. 
During  the  first  week  or  ten  days  the  le^r  should  be  inunobilized  in 
some  form  of  temporary  s[)lint  whieb  will  steady  the  parts  and  yet 
allow  j>erfertly  for  frequent  inspection  and  adjustments,  during 
tile  onset   ami  sidisidenee   of  swelling.     A    uumhi^r  of  appliances, 
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varying  in  flf^tail,  thou^li  the  same  in  [>riih'ipli%  hav*'  ht^pii  einploviHl 
during  thin  period  for  tlir  teiiijiorary  trmitiiieiit  of  fraetnrrs  of  the 
le^.     The    frartiire-hox,    pillow   sj>liiit,    ])oslerinr   gutter   splint    of 


Fif.  70J4.— Ailh«MiiTe  pUntifr  nppUed  for  imotion  iind  rouiv 
ter-tniftbn  with  th«*  shf^rt  Dptiauk  flpliml,  Ailht^ivt*  on  iHip**r 
I>aTl  of  h*g  i*  applied  to  pull  iipwurd  wHiile  Oiat  on  ihi*  lowtT 
piirt  't>f   Ip'fs   t4i   7>uli  dowTivrjird   when   the  Mplitil    iw   in   position. 

Fiiln  7i»i.— Short  Dtwaull  splini  in  poi^itioii,  wiih  paddini; 
ulnml  U^K.  TiifhifiiinK  Uie  mt^w  at  the  f<H>X  of  ihe  wplint  iniTord* 
u-!irtjoji    iind  roonterlrnirnoii. 


plaster,  Du  Piiy  splint,  ete.,  have  all  lieen  sue- 
eessfully  used,  and  it  is  largely  a  matter  of 
preferenee  witli  the  snrf^eon  whieh  of  these  meth- 
ods of  tixation  is  employed.  The  author  has 
used  both  the  pillow  splint  and  the  fraeture-box 
witli  eonsiderable  satisfaetioiL  The  fraeture- 
Ijox  is  niade  of  four  pieees  of  wood  as  shown  in 
Figs.  GIJ8  and  69iK  The  inside  of  the  box  is 
well  patltleil  with  eotton  batting  to  fill  in  the 
spaees  betwt*en  the  leg  and  the  walls  of  the  box. 
The  sides  of  the  box  should  be  hinged  *w  they  ean 
be  lowered  for  inspe<"tion  of  the  limb  and  read- 
justment of  the  paibling.  The  pillow  splint  is 
made  by  ]ilai*ing  tht^  h*g  longitudinally  on  a  pil- 
low, whieh  is  thrn  fokled  np  on  either  side  of 
the  leg  and  held  in  positioti  by  eiieireling  straps 
of  adhesive,  l)aiidag<%  or  ordinary  straps  with 
buekles,  either  of  ennvas  or  blather.  IT  three 
s [dints  are  jdaeeci  in  position  hef<ire  the  straps 
are  tightened  the  whole  appliaoer  will  be  ren- 
dered much  more  rigid.  These  splints  sliould  be  of  light  wood 
tfnve  and  a  half  to  fonr  iaehes  in  width  arid  should  be  plaeed 
between    the    straps    and    the    pillow,    one    on    either    side    and 


Fl»f.    7l»4. 


^ 
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FifC-  "<)•'>• — (.'abut  iHiHterior  win>  Kplint.  A.  hIiowh  wire  bent  to  conform  to  shape 
of  l('i;.  It.  hhuwH  HHmt>  pnddrd  and  banda^(>d.  <\  hHowm  name  after  apace  haa  been 
filled  in  by  bundaKi"K-      />■  nhowH  hpliiit  applied  tu  le^  and  bandaped  in  poaition. 


Kiu.    TOT).      N.    K     Stniilih  siispiMision   splint.      .1     sIiowh   wire  aplint  bent   to  conform 
t«i  aiit«ri(»i    suifinf  «if  It-^  H.     <  .  kIujws  splint   Hpplit'd  und  U'g  Hunpended. 
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tht^  third  pusleriorly.  The  pillow  Hiiliiit  aud  fracture-box  are  as 
good  as  any  and  t?an  be  improvised  even  uuder  uiifavoralde 
surroundin)?s.  The  Cabot  ijosterior  wire  splint  and  siile  splints 
are    a     hnorite     iiiethod     with     soirie    surgeons.     The     frag-ments 


Fiff.   708, 

Kitf.  7U7. — Eleviit^'d  fniriurM  Ihjx  tH  sidvanhiKu  in  ca*e»  in  whiiMi  drcuUtioji  of  leg 
is  mucb  iujured  or  in  whirti  11(>xii,m  ih  required  to  inatntaln  r^ducliMii.  It  ib  difficult, 
however,  to  reader  this*  fmnu  ol  box  viable  in  bed. 

Fig..  708. — Cradle  used  to  prevent   bed  rbitbes   frtnii  reKlinnc  im  injiirptl  member. 


should  be  brought  into  aliguiuent  with  the  least  po^ible  inanip- 
idation  a*s  the  leg  in  bf*iu^  |)laeed  on  the  teniporar>"  splint. 
Ohlifjue  and  spiral  fraelures  are  eouinion  in  the  shaft  of  the  tibia 
and  it  nmy  ht^  necessary  to  eontrol  thn  overriding  defonaity  during 


Fig,   70d, 

FIk».    70P   »nd   TKJ.  —  Methods  of   fterurltif   trurliMti    i>n    fruiMures   near   the   tinkle   by 
of  4idhe»ive  ntrnps, 


F.g.    711  Fir   V12. 

Fig.   711. — Obi    fkhtu'   with    Uh'   rul    out    tttid   iidbe«iv©  fttrHpn    for   obtcktuiiig    extenMon. 
Pig.    712,— Mel  bod    of   relieving  lb**   UchI    froiTi    presaure. 


Ibi.H  time,  espeeially  if  {lie  pointed  end  of  <me  of  the  fragments 
Ihrt^atfUH  to  perforate  the  skin,  hh  is  not  infrequently  the  case. 
Under  these  eireumstaneeH  an  extension  apparatus  should  he  ap- 
plied to  the  foot.     This  is  oftfu  a  diftieult  iimtter  if  the  materials 
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uhts]  are  the  natiii*  as  thmt  rapliijred  in  Burk'i  extettsioo,  in  frac- 
\nri*H  iif  I  hi'  hip.  Ac!li#*j«ivi*  plw^r  wlvn  aiffpliin]  !o  tin*  fiiot  nmi 
atikli'  ij^  liki'ly  In  irrif»tti*  tlit*  nkiii*  be«*aitjii:*  of  tlie  stiiiill  arva  to 
\vhi(*h  It  i'liii  W  titlac'lied.  Tlic  author  hoa  fmiiiil  tite  following 
nii'thod  wry  Hnti>»fii(*tor,v  tti  injttati(*i*ii  iii  vrhii*li  extintnum  Wiu<  fauml 
utHTBSiiry.     Tlif  |iatirnt*ii  sdioe  m  eut  so  thai  the  '* upper'*  is  diviiJHl 


r\t.  Tu. 


Fi|f     Tlit. —  \iil4>nnr    »n*S    (Mtmrmir    pliiKti-r    n|»1iiiU    upptiml    1o   Ifjf  Ahil    brid    iti 


\fili,  7ii.  —  PinMin-  niiijuii,  TUc  Iwu  »idr>  Pi|fll»iU  tifv  iiiiiilt^  of  onv  contiitticiu*  pii^pr 
of  ifMuXf  wliti-h  t>ANHri%  itiiiU^r  fm»t,  Aji  a  lii'ftuAiidil  rlrrii.Hiiitf  this  it|iliiil  iit  ^rcilmhljr  tb* 
iiioni   I'lTli'iKiit   MMu  ^Milkfni'tnry   Mi   frnfiuriia  of  thr   lf*i$, 


I'rom  \hv  soh\  SliJs  nw  thru  t'Ut  lit  tht-  si<h's  ot*  the  "uppt^r"  aiui 
atllhsiv*'  Htraiis  j»assr<l  through  tiirin  to  lir  carrk^d  hi'low  the  foot 
Ut  a  spnadrr,  the  siiinr  as  «Mnployi'd  in  [iurk's  I'Xt^vnsion,  Tfu* 
u(>prr  is  then  [dat-t'd  on  tlif  fuot,  \hv  lariugri  tijifjti-iuHl  auil  a  Wt*ight 
attHchi'd  hfr  the  cord  afttT  it  ha8  hvin)  passi*d  ttu'ough  a  pulley  se- 
('urrd  In  Mu'  Innt  nf  tfu*  lied.     Six,  ciy'Iit  ov  Irii  puijtids  will  Usually 
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sufHcc  in  coriMn'tiiif?  tli<^  flt4'orniity  l>iit  tho  aiuoiint  of  wriglit  om- 
ployed  sljould  l>r  ^ovrrrn/d  t^^ntirvly  l>y  thf*  degrw  of  iimscular 
spasm  to  \h*  iwvmmH*.  Extension  ran  Uv  vxvrUd  in  tliis  way 
without  irritHtinjjf  the  Foot  and  ankU^  diiriii^r  tfi(^  tinir  if  is  fixial  on 
the  tetnporary  splint;  coimter-exteiiHioii  i«  had  hy  raising  the  lower 
extremity  on  an  ineline  j)lane  or  by  raising  the  foot  of  the  bed. 
Instead  of  spUiits,  sanil  bags  may  be  plaeed  on  eitfier  yide  of  tlie 
h'g  and  will  serve  the  puri)ose  well  in  steailying  the  [»arta. 

It  is  often  iinpossibh^  to  foreeast  the  ilegree  of  traumatie  reiietiun 
wliieh  will  follow  in  a  given  ease  and  il  is  therefore  best  to  po8t- 
pone  the  applieation  of  a  permanent  splint  until  this  rt^aetiou  has 
passed.  The  tension  produeed  by  the  swelling,  the  internal  lacer- 
ation of  soft  tissues  by  the  fragments  at  Hie  time  of  injury,  and 
the  not  infrequent  vt^nons  thrombosis  about  tlie  site  of  the  fracture 
are  etmililions  tending  to  impede  eirmlalion  and  demand  dressings 
vvhieh  do  not  eoiistriet  the  leg.  Tfie  idaster  east  has  been  exten- 
sively useil  in  tlie  early  treatment  of  fraelures  of  the  leg  and  good 
resulls  have  altendml  its  use.  yet  the  author  feels  tliat  it  is  an 
unsafe  app!iaji(!e  and  is  inferior  in  every  way  to  the  [blaster  stirrup 
or  plaster  splirds.  With  either  j^laster  splints  nr  the  jrlaster  stirrup 
the  dri'ssirigs  u\ny  be  tightened  or  loosened  as  tb<^  iiei*asion  demands 
and  during  the  entire  eaurse  of  the  ease  a  strip  of  skin,  extending 
the  length  of  the  leg,  is  opi'ii  Ui  inspeetion.  The  jdaster  east  is 
mueb  safer  dining  the  latei*  half  n(  the  after-treatment  and  forms 
a  good  metlmd  of  iixatiun  fur  midulntury  treatrjierd. 

Iscilated  Fraeluri's  of  th*^  tibia  an-  rarely  follnwe<l  by  mneh  swell- 
ing, and  fraeture  of  the  tibia  abiUi^  is  usually  prodHetive  of  a  ouieh 
irdbler  traumatie  reai'tion  than  oeeiirs  when  both  bones  of  the  leg 
are  fraeturetl.  The  snrgeoji  is  iisuafly  able  It)  estimate,  with  more 
or  less  arenraey,  the  di'gree  <d*  traumatie  rejjetion  to  IVillow  in  a 
given  ease.  Oeeaaionally.  bt^weVei-,  eases  iiie  eneouotered  which 
f>romise  little  in  the  way  of  swelling  wbet^  tirsi  seen,  am!  yt^t  a  few^ 
days  later  show  the  most  mai'ked  symptoms.  If  sni*h  a  ease  m 
wearing  n  permanent  dn\s,sing  <d'  l\u^  nature  of  a  [ihister  east,  great 
damage  may  be  dom^  to  the  leg  hefon*  eitlier  thi'  surgeon  or  the 
patieni  realizes  the  eomiition. 

Numerous  mnditieatioiis  af  s|>lin(s  (sneh  as  the  Desanlt  and  plas- 
ter traetion  s[)lints)  have  been  d<*visfd  to  maintain  redn<*tion  hy 
rneauK  of  extt^iision  and  eounti'r-extension  until  the  fragments  have 
beeome  tirmly  enough  uniti  d  to  prevent  displaeenient.     These  ap- 
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pliances  are  well  enough  as  a  permanent  dressing,  in  instances  in 
which  operation  is  eontraindicated  because  of  disease,  age  or  lack 
of  surgical  facilities,  })ut  under  ordinary  circumstances  they  are 
to  be  considered  as  oksolete  and  to  he  discarded  in  favor  of  operative 
methods  with  direct  tixation  of  the  fragments. 

The  treatment  of  compound  fractures  of  the  bones  of  the  leg  is 
essentially  operative,  at  the  present  time,  and  with  the  vastly  better 
results  obtained  in  this  way,  there  can  be  nothing  but  censure  for 
non-operative  methods,  {)rovided  there  are  no  constitutional  con- 
traindications and  surgical  facilities  are  available.  (See  ** Opera- 
tive Treatment,''  below.)  A  common  and  serious  mistake  in  the 
treatment  of  compound  fractures  in  this  region  is  to  effect  an  imme- 
diate reduction  as  soon  as  the  case  is  seen,  often  on  the  street  or  in 
the  factory.  This  proctniure  has  probably  been  responsible  for  the 
loss  of  many  legs  which  could  otherwise  have  been  saved.  The  ends 
of  the  fragments  projecting  through  the  skin  must  be  considered  in- 
fected and  if  an  immediate  reduction  is  performed  the  patient  will 
be  fortunate,  to  say  the  least,  if  the  entire  tract  does  not  become 
septic,  with  the  usual  disastrous  train  of  symptoms  following. 
Instead  of  attempting  immediate  reduction,  the  wound  and  exposed 
bone  should  be  covered  with  a  sterile  dressing  and  the  patient  re- 
moved to  surroundings  in  which  proper  surgical  procedures  can  be 
carried  out.  (See  ** Treatment  of  Compound  Fractures,"  page 
789.) 

Operative  Treatment. — There  are  four  sets  of  circumstances 
which  commonly  call  for  operative  treatment.  Pii*st,  to  accom- 
plish and  maintain  reduction  in  recent  cases  in  which  non-operative 
methods  have  failed ;  second,  in  the  treatment  of  compound  frac- 
tures; third,  when  non-union  is  present,  and  fourth,  for  the  correc- 
tion of  old  fracture  deformities. 

A  large  proportion  of  closed  fractures  of  the  leg  demand  operative 
intervention  to  secure  the  best  results.  The  })est  time  for  operation 
in  simple  cases  is  afttM*  tlie  traumatic  reaction  has  subsided,  which 
will  he  at  the  end  of  a  week  or  ten  days.  The  most  aseptic  tech- 
nique should  be  followed  and  other  precautions  observed  such  ius 
are  mentioned  on  pa^e  754  under  the  heading  of  **()pen 
Treatment  of  Fractures."  A  longitudinal  incision  should  l)e 
nmde,  preferably  to  the  outer  side  of  the  midplane  of  the  leg,  so 
that  the  external  surfaee  of  the  })one  will  be  expost^d.  It  is  not 
advisable  to  make  the  incision  op|)osite  the  internal  surface  of  the 
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tibin,  siiin^  this  I'hvv  of  thf  sftaft  is  suljc*utan**ous.  Tii  dilYirijlt  r-aHPS 
two  iiieisioMs  may  he  iiiadt\  ont-  as  already  ilt^srHtiril  ami  the  other 
opposite  thf  iiitt»rrial  border  of  thi*  hone  on  the  inner  aspeet  of  the 
\vg.  Traction  imd  direet  nianipiilation  of  the  fragments  will  ae- 
complish  red  net  ion  and  oeeasionally  it  may  he  possible  to  obtain  a 
solid  t^ngagtniient  of  the  si/rrated  snrfiiee.s,  thus  obviating  the  ne- 
cessity of  direet  fixation.  In  most  instaneeg,  however,  in  wliieh 
operation  is  indieatrd,  it  will  he  found  iieeessary  to  resort  to  some 
form  of  internal  lixation  to  prevent  reeurrenee  of  deformity,  A 
very  Hatisfai'torv  taethod  of  seeurin^  tfte  fraj^aif^its,  and  o!ie  wJiieh 


Pi  IT.   716. 

Kjg».    715   and    116. — Laternl   and   iinteTcvpoflterior   viewi.  of   t'oniminulp*!   fractUTie   gl 
tit>ifi.     Tritn«vprite  frnrture  of  fibula. 


I 

I 


will  serve  the  purpose  in  most  oblique  and  spiral  fraetures,  is  shown 
in  Fiir,  717.  This  eonsists  in  jiassin^  two  wires  about  the  shaft  of 
the  hone.  Tlie  distaiiee  between  them  slnaibt  he  at  least  an  ineh, 
to  seeure  the  projier  levi'rajje.  In  some  instances  the  Lane  (>late 
ean  he  used  to  advanta^^ie.  Transvei^e  fraetnres  ran  often  be  en- 
KH^ed  in  sneh  a  maimer  thai  no  internal  tixation  is  neeessary.  If 
a  plate  is  used  it  is  preferal>le  to  [daee  it  on  the  external  surface 
of  the  shaft  so  that  it  will  not  he  siil>enta neons.  In  knotting  or 
twisting  wire,  the  twi.sts  or  knots  should  lie  jdaeed  on  tliis  same 
fiurfaee.  With  ttie  wires  m-  pbite  in  jjosition  the  strength  of  the 
fixation  shoidd  he  pentty  tested  tn  see  ttiat  the  fT*agmerds  are 
solidly  enough  held.     It  should  be  possible  to  raise  the  foot  by  the 
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hvA  witliniit  ilistiirbinitf  the  relalivi*  positions  of  the  fragmeuts. 
Wlii'ii  tfit*  inter tiul  fixation  lias  been  eoinfjleted  and  tested  tlie 
wniiiid  should  he  elose*l  Hiid  a  small  drain  of  ^ilkvvorni  «rnt  plaeod 


rig.  111. 

Ftir.  717.^!<«M».'  I'liRe  »».  sliown  m  Fi)tK.  TIT*  Ami  Tlrt,  X-my  pint**  mm^p  ihriH- 
weeks  wf (it  opf^rutioii  in  >»hirh  the  hom^H  wrre  wirinl  ii>  two  jilnn^s,  Asi^ptic  hvAlinf; 
wni)    iiliimutcly   luT^nct    riinction 

Fi«f,  7 lis, — ^11  me  |p«  shuwn  on  pc>et«>ri(ir  pliiMtfr  splint.  Thf  unk-rutr  splinl  Uhh  Ii<**«ii 
reinoviKi  to  drrftn  wuijiidii.      (8fc  Fipi.   7KI.^ 


ill  posit itin  to  allow  tlif  enrape  of  hlootl  and  senim  during  th*'  lirst 
twenty-four  or  foi-ty-eight  hours,  A  heavy  plaster  8tirru[>  should 
he  a()|)lird  hid'ore  tlie  patirnt  eoiries  out  of  the  anesthetic,  A  ([uick 
drying  plaster  should  be  used  so  that  the  stirrup  may  be  well  set 
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before  the  patient  leaves  the  opt'ratintr  luoni.  If  a  sheet,  iiarrinviy 
folded  h'ligthwise,  is  pussed  iJiiei'  at-miiid  the  thitjh  just  nhovt^  the 
knee,  and  the  eiidn  seeiired  to  ttu^  side  rails  of  the  hed,  it  will  pre- 
vent the  patient  moving  the  lower  extremity  wViile  eomiiifr  out  of 
the  linesthetie,  and  will  he  of  valimhle  assist  a  nee  to  the  attemlant 
(Inriji^  this  time.  The  \v^^  shcinld  not  he  eovered  with  the  hed 
elnthes  during:  tlie  Hrst  tvvf^iitN -four  hours  folltnviujr  operation,  so 
that  the  plaster  tnay  beeoiiiu  Ihoroiitrlily  hardeiitnl  and  dried  out. 
Failure  to  ohserve  this  preeaution  will  jirohahly  necessitate  tfie 
reapplieation  of  the  dressing,  to  say  nothing  of  the  possihility  of 
damapff  to  the  Hinh  through  laek  of  su(>port. 

In  eornponud  east*s  the  |>atit'nt  sliould  he  takeu  to  the  operating 
room  as  soon  followintr  the  aeeident  as  possihh*,  \i\  aueslhetic 
should  he  given,  the  skiu  surrounding  tlie  wound  painttd  with 
ti%'e  pereent  io<line  and  the  ineisicui  i-rdarged  if  neeessa ry.  The 
wound  should  he  irrigated  with  a  fi^w  gaHons  of  sterile  salt  soln- 
tiou.  (*ojnpIete!y  detaelunl  fragments  of  hone  shouhl  he  rtMuoved 
and  the  main  fragments  hrought  into  as  good  alignment  as  possihle. 
Devitalized  tissue  should  he  Iriunued  away  and  oo/iug  eoutrolled 
by  hot  salt  solntion.  Active  bleeding  from  snudl  arleries  should  be 
stopped  hy  torsion,  if  [Kissihie,  rather  tliau  by  ligature.  Internal 
fixation  of  the  fragiuents  a1  (his  time  is  eorjtraimHeated  rejtrardless 
of  the  material  us4mL  The  fresliened  surfaees  <d'  fhe  wouuil  should 
be  approximated  and  a  suudJ  drain  of  silkwurni  gut  left  in  position 
t(i  allow  the  eseajtt*  of  hhuitl  and  seruui.  Dressings  are  then  ap- 
l>lied  to  the  wound,  tin-  leg  i"oVi*ri'd  with  a  layer  of  sheet  I'Otton 
and  a  plastto*  stirru]*  eoi[ih>yed  as  already  (leserit>e<L  When  the 
patient  is  liausfeired  to  the  hetl  the  leg  should  hi'  wet  I  elevated 
and  an  iei'  can  huu'  thai  does  not  leak)  is  |>hieeil  on  the  anterior 
aspt*et  of  thi'  leg  in  *fi**  region  of  the  fra*dure.  An  alteiupt  should 
be  made  tin  ring  the  operation  to  seeure  as  aeeurate  reduction  as 
[>ossibh\  yt*t  it  should  he  reim'oiliered,  in  these  eases,  that  aeeurate 
reduetion  at  Ibis  time  is  nut  tht*  issential.  The  most  important 
faetor  is  to  ohtain  healijig  of  the  wonutl  whieh  rendei^s  the  frae- 
turi'  eom[)ound.  If  liu^  |Kisitioii  of  the  fragmenLs  is  had*  a  sin-ond 
operation  amy  he  done  at  some  later  date,  after  the  wound  has 
heahnl  and  tin*  surgeon  is  fne  (o  work  in  an  ast'i^tie  field.  This 
eiiu  usiuilly  Ih'  done  at  the  end  of  ten  i]i{ys  <u*  twci  weeks.  If  sup- 
puratioii  and  irdVetion  follow,  in  spih^  uf  the  tneasures  just  ad- 
vised,  the   fraeture   nnist    he   treated    along  general  surgical   lines 
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with  free  drainage,  etc.  The  inunher  of  infected  cases,  however, 
following  this  line  of  procedure  will  he  surprisingly  small  as  com- 
pared with  the  cases  in  whi<*h  local  applications  of  bichlorid  of 
mercury  and  other  useless  antist^])tics  are  the  agents  depended  upon 
to  prevent  infection. 

Operation  may  he  indicated  to  correct  old  fracture  deformities 
in  which  the  poor  alignment  of  fragments  is  accompanied  by  pro- 
nounced disturbance  in  function.  In  a  case  of  this  type  the  sur- 
geon should  not  be  overanxious  to  oi>erate  if  the  patient  is  showing 
any  improvement  whatever.  The  restoration  of  function  may  he 
greatly  delayed  and  still  the  patient  may  ultimately  obtain  a  serv- 
iceable member  without  surgical  intervention.  When  operation  is 
necessary  the  procedure  is  similar  to  that  already  described,  with 
the  addition  of  appropriate  osteotomy  to  bring  the  fragments  back 
into  proper  position. 

When  operation  is  called  for  because  of  non-union  the  first  indica- 
tion is  to  seek  the  cause  of  the  failure  in  union.    (See  Chapter  LXI.) 

After-Treatment. — A  great  deal  of  care  and  attention  is  called  for 
in  the  after-treatment  to  keep  the  patient  comfortable  and  to  see 
that  the  dressings  are  performing  their  proper  function.  Repeated 
adjustments  will  be  necessary,  especially  during  the  time  the  leg 
is  changing  in  size,  with  the  onset  and  passing  off  of  swelling. 
During  the  iirst  week  or  ten  days  the  log  should  be  inspected  at 
least  daily  and  readjustments  made.  Blebs  should  be  opened  after 
they  have  fully  formed  and  the  denuded  surfaces  dusted  with 
boric  acid  or  some  other  efficient  dusting  powder.  These  surfaces 
should  receive  the  most  careful  attention  and  it  nuist  not  be  for- 
gotten that  the  member  may  become  infected  through  such  an 
atrium,  es[)ecially  in  the  presence  of  low  resistance  in  the  surround- 
ing tissues. 

The  sooner  ambulatory  treatment  is  instituted,  following  the 
subsidence  of  traumatic  reaction,  the  better  for  the  patient  in  gen- 
eral and  the  fracture  in  particular.  In  non-operative  cases  the 
patient  may  })e  gotten  up  on  crut(*li(»s  within  five  or  six  days  of  the 
application  of  a  pennanent  s])lint.  When  open  treatment  has  been 
employed  to  a(*comi)lish  reduction,  a  week  should  elapse  following 
the  operation,  befoi'e  \ho  patient  is  allowed  up.  In  compound 
cases  the  wound  should  be  well  healed  and  the  fra^rments  in  good 
position  for  a  week  or  more  hefon^  ambulatory  treatment  is  insti- 
tuted.    Complicated  cases  should  remain  in  bed  until  the  outlook 
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IS  favorablr  and  <*onvalesi_*eTH*t'  wril  t*sttihli,shi"tL  T\h*  patiriit  should 
he  allowed  tip  for  only  a  tVw  iniiuitt'.s  during?  the  Hrnt  day.  The 
time  shoidd  be  iiiereased  the  second  day,  and  so  on  durioir  tin:  fol- 
lowing week  until  the  limb  ean  hi'  held  in  the  dependent  ijusilion 
without  undue  8Wening  and  pain.  During  this  time  hr  will  gain 
eontrol  of  the  enitehes.  and  the  annoying  senNations  in  llie  \r^, 
attendant  njion  the  ereet  position,  will  •Gradually  grow  less  and 
finally  disapfjear.  At  the  end  of  nine  or  ten  weekg  the  foot  may 
he  plaeed  on  the  fioor  as  the  patient  walks  with  erutehe.s.  During 
the  followiner  three  or  four  weeks  ueiglit  Fiearin*,'  should  hv  grad- 
ual ty  n^KUUied.     During  this  time  thi'  snrir<'on  shnuid  vvidrh  thi-  leg 


Fiic.   719.— AiiibuUUtry    [Jiit'umtttic   byliiii   »*«    uhnd   in    frjM  luris  4i(    (li<     k-g.      Noli-   lUu 
ttJttmision  in«ichaniKni   nt  t!ti»  end   of  the   uplint. 

eHrefuHy  for  signs  of  a  weak  eallus.  The  slightest  bf»wing  or  short- 
einng  of  the  h%^  demands  innnediate  eesmition  of  weight  b*^aring. 
Hwelling  is  often  pi-rsistt^it  and  pronounced  and  shouhl  lie  tnnded 
by  daily  massage  niul  imiuc-rsion  of  the  lf*g  in  \wt  water  onee  or 
twiee  a  day.  An  elastie  storking  worn  during  the  day  will  aid 
materially  in  controlling  this  swellittg.  The  older  the  patitnit  the 
longer  tfu*  time  tn*erHS!jry  fur  \hv  formation  of  Hvjh  wr^igh!  bt^aring 
callus.  In  the  very  aged  it  nniy  be  inii»ossil>le  to  obtain  union  at 
any  tinu\  In  the  exeeptional  ease  in  whieh  the  surgeon  may  he 
in  doubt  HH  to  the  best  time  for  the  resumption  of  furuMion,  en 
X-ray  plate  will  alTord  the  desired  inPorination  eomn'ming  the  eon- 
dition  and  progress  of  callus  formation. 


6r)6 
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Fig.    72ii. — Hlii    I'rsi  Miirt'    of    tit*'    liUui    liml    (ilpiilii    with    []iijirlviir^ins    !«iim!i    fight    yewr*  ^ 
Uter.      Tlif*  niiHlittiin    lium   iK^en   uii    hit iMtnii lent    mmrrp   of  ironViU'   rtuHni;   th*»  *»ntire  eight 
5e«rH.      ThtK    h   rt    goctfi    rXtttnph>   of   a    liv|ii'   <if    <'«««*    roi|iiirini;    (jpor»lli>n    far   Ihe    remJTJil 

of   ritM"'iro(ic   lumv. 


rip,  721. —  Piriun-  i  ik.n  f.i  -viiaw  tin-  ««wi>IIJni£  whuh  m*  fri'<|iiHTHlv  |mrftifkt»  fi^llow 
niK  frarrurc^s  of  iIik-  borif!-  *^f  Ihe  leff  especlEi^lv  witln  ptiliinrH  iiiiitl  miilttli'  llfiv  PicUir* 
taken  smbh'  nmfahs  fulluwiuK  the  ntH*i<Jtfttt.  Thi^  ruig  olauut  ihn  lifj*  corrf>ifpond«  to  th« 
upper  end  of  Ihe  t'lastic  silctckitis.  _ 
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Prognosis. — The  prognosis  in  fractures  of  the  leg  is  extremely 
variable  and  depends  largely  on  the  associated  injuries  to  tlie  soft 
tissues  and  whether  or  not  a  compound  fracture  becomes  infected. 
Persistent  swelling  is  common  and  may  last  for  years.  It  is  de- 
pendent on  the  damage  done  to  the  circulation  at  the  time  of  the 
injury  and  on  the  development  of  venous  thrombosis  following  the 
accident.  The  more  severe  these  conditions,  the  more  pronounced 
and  persistent  will  he  the  swelling  when  function  is  resumed.  Pain 
in  the  lej?  may  persist  for  montlis  or  even  years  following  the  acci- 
dent. Considerable  disturbance  in  function  usually  follows  vicious 
union  of  tlie  fragments  and  is  due  to  the  mechanical  strain  imposed 


J 


Fit;.   72-J 


Fitr.   7-JI. 


725. 


FijTM.  7*J1I.  7'23.  724  and  725. — Show  the  inerhanioal  diHturbaiiroH  which  follow  union 

with    doformity.      When    tho  lejf    divorjres    from    the    weitcht-hearin;;    line    the    leg    will    Iw 

mechanically   **o<T"    and   as   u  result   there   will   be   more  or   less   permanent   dihturbance   in 
function. 


on  both  muscle  and  bone  by  this  faulty  position.  The  more  per- 
fect the  apposition  of  the  fragments  and  the  less  the  danmge  to  soft 
tissues  at  the  time  of  the  accident,  the  less  pronounced  will  these 
annoyinjr  secpiehe  be.  The  {)ercentage  of  cases  in  which  perfect 
and  [)rompt  restoration  of  function  occurs,  has  greatly  increased 
since  the  advent  of  open  treatment  for  the  accurate  correction  of 
deformity. 

In  compound  infected  cases,  sinuses  may  persist  until  the 
necrotic  bon(»  from  which  they  lead  is  removed  by  operation. 
Refracture  of  the  bones  of  the  leg  may  occur  if  sufliicient  strain  is 
sustained  before  th(»  callus  beconu's  thoroughly  hardcMied.  Kefrac- 
ture  is  through  the  callus  and  not  the  fragments.     About  one-half 
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to  two-thirds  the  time  required  for  union  in  the  original  break  is 
necessary  for  union  in  a  fractured  callus.  Embolism  from  a  de- 
tached portion  of  thrombus  or  a  fat  embolus  may  produce  immedi- 
ate death.  Infection  in  comi)ound  cases  may  result  in  the  loss  of 
the  lep,  or  if  severe,  even  death.  Destruction  of  the  circulation  in 
severe  cnishing  injuries  calls  for  immediate  amputation. 


CHAPTER  XLVI. 

POTT'S  FRACTURE. 

Pott's  fracture  is  both  a  fracture  and  a  dislocation,  and  although 
it  is  usually  included  under  the  heading  of  fractures,  yet  it  is 
probably  more  in  accordance  with  the  pathology  of  the  condition 
to  consider  it  as  a  dislocation  complicated  by  fracture. 

Aside  from  fracture  of  the  fibula,  Pott's  fracture' is  the  most 
common  injury  of  importance  occurring  in  this  region,  and  be- 
cause of  this  frequency  and  the  poor  results  so  often  seen  following 
its  improper  treatment,  it  will  be  taken  up  under  a  speoial  heading. 

Surgical  Anatomy. — There  are  three  bones  entering  into  the 
formation  of  the  ankle  joint;  the  tibia,  fibula  and  astragalus,  and 
the  disposition  of  these  three  bones  is  of  great  importance  surgically. 
The  trochlear  surface  of  the  astragalus  fits  the  articular  surface 
of  the  lower  end  of  the  tibia  and  is  held  in  place  laterally  by  the 
malleoli.  Lateral  motion  between  the  astragalus  and  tibia  is  pre- 
vented by  the  tight,  firm,  mortise-like  formation  of  the  tibia  and 
fibula.  The  two  latter  bones  are  held  together  by  the  lower  tibio- 
fibular ligaments,  the  most  important  of  which  is  the  inferior  in- 
terosseus,  which  passes  between  the  contiguous  rough  surfaces  of 
the  tibia  and  fibula.  These  ligaments  are  so  strong  that  separation 
of  the  two  bones  rarely  takes  place  without  fracture  of  either  the 
tibia  or  fibula.  The  lateral  ligaments  are  also  of  great  strength 
and  are  more  likely  to  tear  away  their  attachments  than  to  suffer 
rupture.  They  bind  the  astragalus  and  calcaneum  to  the  lower 
end  of  the  tibia  but  have  little  to  do  with  the  limitation  of  normal 
flexion  and  extension.  The  anterior  and  posterior  ligaments  are 
thin,  loose  and  lax,  and  are  not  brought  to  a  tension  until  the  ankle 
either  conn^s  to  extreme  flexion  or  extension.  When  the  foot  is 
depressed  to  its  limit  of  motion  the  anterior  ligament  becomes  taut 
and  in  like  manner  the  posterior  ligament  is  brought  to  a  tension 
when  the  ankle  is  dorsally  flexed.  Distention  of  the  joint  is  firat 
noted  in  the  bend  of  the  ankle  where  the  thin  anterior  ligament  is 
pushed   forward   l)y   the   fluids   within   the   articular   cavity.     The 
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\m\vv  iuaUi«»l\iH  in  loni^tr  *iu<i  rxtiMMln  to  a  Iow«*r  lev«»l  tliHis  thi» 
iuiior  Thnlli'tihiK  If  Ihr  norfiml  ftli^iuiH'nt  of  thi^  boue8  of  the  leg 
with  tho  itslntKHluN  niul  vnWuiwum  \h  olmi*ned  it  will  lie  nnti*d  thnt 
\\w  htA  tmt^  oil  the  griiimd  <mtNitle  o(  th«*  truHliiin  plan*-  of  th** 
leu  (•if  Pig».  iS6  luuj  727).  It  will  he  reailily  set*u,  thtfrefoiv, 
llmi  violrikec  mpplied  in  a  loiigitutliiial  dirtTtioti,  such  nn  m  if  us* 
tal»cd  m  «  full  frcim  «  lunght  in  whleli  tht*  |mtietit  hui<lK  i$iiiian'l>' 
Ml  tW  ffi^.  nill  Imci  tci  ffii^place  the  foot  outvvanl  as  wi-ll  an  up- 


himtr  fl»  fFwiif«!j    of  lAlAiM 


W4ink     It  k  api^rr^t  ti«i  tlib  ilinihitBu-ot  cabociI  take  place 
^iIInM  pwwiiitumr  fhRtvpr  «h1  lif  ■whiHwis  raptarr.    The  point 
«r  iNtfl  niinaiiti  will  br  tani4  ui  tlar  filmb  josl  abort*  tlM»  liiw< 
liMi^Hiilar  mrtiririalMi  attil  ui  tW  hilmtal  lateral  ligatm^or  nf  tli^^ 
AnIiW  |Ai»|  #r  ll»  aftailMLWt  i*  Hie  mmtw  vudkoluk    Whea 
c^\«Hl«iMif%  |«N^rail  irr  W^  t^  t?Ti(^  I^m^a  f^aetttn^  at  t 

^u  V%.  ;3!!i  ^Hili  llir  ifimiml  ^«f«mraMie  •f  tlie  dafonott^r  m 
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in  Pigs.  740  to  74r).  (hitwanl  T'otatitm  of  tln^  foot,  on  a  more  or 
less  vertintl  axis  passing  tliiongli  tlu'  ji.stragalus,  prohal>ly  plays  a 
part  ii*  tlu^  proihietioii  of  runny  P(jtt's  fraetures,  hy  prying  the 
malleoli  apart.  \Vli«^n  this  type  oF  strain  enters  into  the  eausative 
trauma  the  tihiilar  fraeture  is  usually  spii'al  insteaci  of  transverse. 
In  addition  to  the  lesions  inst   mentioneti  wr  niav  (ind  either  the 


Fig.    VIS. — N»riiiul  iii>klt»  nhowint?  0*t*  i]i«nbyi.<'r 


i'li  y**nrh  »»f  nftv 


anterior  or  posterior  margins  of  the  lovvt-r  til)iHl  sin-faet*  liniken  uft 
and  disphRM'd. 

The  constant  (4«*nn*Tit  in  l*ott*s  fra("turi'  ronsists  oF  a  Frartttre 
i^  the  iiliula  witliin  two  or  thnn*  iiiehes  of  tlu*  lower  tibJo-tibular 
tirtiLUliitioji-  Till'  variahle  element  is  at  the  hnur  malleolns,  whf*re 
either  the  deltoid  ligainent  is  ruptun'<l  nr  Ihr  tip  of  thr  inner 
ma  Urol  OH  torn  away*  Nninerous  di^siM'iptions  Imvi"  hfi^n  givrn  of 
thp  exjH't  manner  in  whieh  a  i^ott\s  t'raeture  is  i>roilu<'ed  and  the 
order  in  whieh  the  ditterent  lesions  take  place;  as  a  iiiattrr  of  Fact 
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Fiir.  7Jt».  -  I'oit's  fruiiirT'  with  tht*  u.Hual  outward  dii%plareinenl.  Note  the  space 
hHwtM'ii   till'  iniH-r  nialK*<>lus  and  th«*  a.^traKMlus. 

Vi'j:.  7:m»  -Variant  of  I'<»tt'.«»  frartiirr.  I iiruinid«-t«<  frarturt*  of  fihula  with  avulftion 
c»f   i>(»rti<»n   of   tiina,    riirrfopoiidin;;   t<>   insertion   of  lower   filiio-fibular   licAinent. 


I  i_'  7  ■•  1  I'..n  -  h  .1-  111!- 
Ki.'  7::.'  I'.-ti'^  fi.imn 
Ki-.  7:{;:.-  \';in;.iit  ...f  \'< 
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FiK.    733. 


<  •>iiii[iinii;i<Mi   of   fibula   and   fracture  of  inner   man«r«>luK. 

<  oiiiiiiiinition   of   filiula   and   fracture  of  inner  nialletiluH. 
^  ti.K  ttiir.      Fracture  of  inner  malleolus  and  diavtaKiH  of 

prtvinusl)    rxistinjf   Wtween    the   lower    ends    of 
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..ir..f..|    ;it    111 
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time 


of   rt'durtion,    and   hence   the   diuKtasiiM 
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itisdiffit'ult  to  state  whether  the  internal  lateral  ligament  ruptures 
before  the  fitnila  hreaks,  or  whether  the  hone  hreaks  before  the 


r\g.   734. 


Fit.  735. 


Fig.  736. 


Fig.  734. — Poll's  fruclure.  Fractufc  of  inner  roilU'olus. 
Fig.  73S* — I'nit'ft  fracture,  Fraettire  of  InntT  mal)f>i>luB. 
Ftg.  7!lfl. — Pott'ft   frwcttire   iPiith    fractiirt*   of    Innft   mallralnM. 


FIjT.   Ta7 


Fi«.  im. 


FiK>   7»i»- 


Pif.  787. — Tott'h  frurtarr,     rinnm^niiti*m   nf   flhuln   iind  froriurp  of  inner  malleolus. 

FIf.   73ft. — Old    Putt**   friitlur*'.      Jfiniiniili-lp   rrrlurlinii. 

Fi(f,    7JJ9.- — Lntorul  vk-w  of  i>1d   PoH'k  fijMiiiit\      Not**  oUl  frnt-tiirii  tti   (Ihulu. 

li|Lfarnont  ruptuivs.     l'rohnl)ly  \hv  latter  mechanism  ohtains  in  most 
cases.     luiitanw.s  of  Pott's  fraetnre  by  inversion  of  the  foot  have 
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been  rei)orte(l  in  which  the  shaft  of  the  fibula  was  fractured  by  the 
inward  pull  on  tlie  external  malleolus,  and  the  inner  malleolus 
fractured  by  direei  ])ressure  of  the  astragalus.  The  production  of 
Pott's  fracture  by  this  mechanism  is  rare.  Separation  of  the  lower 
ends  of  the  tibia  and  fibula  have  occurred  as  a  result  of  rupture  of 
the  tibio-fibular  lif?aments  or  a  wrenching  oft  of  their  bony  attach- 
ments,  this  condition  however  cannot  be  ])roperly  called  a  Pott's 
fracture.  It  will  be  consi(h'red  under  dislocations  of  the  ankle. 
When  the  lateral  displacement  of  the  foot  is  great  the  inner 
malleolus  (or  what  is  left  of  it  after  the  tip  has  been  avulsed) 
may  be  forced  through  the  skin,  thus  rendering  the  condition  com- 
pound and  cxjjosin^  the  ankle-joint  to  infection. 


Kii;.  7  1(1.  Pott's  fijaturi-  nf  tlir  Irfi  ankle  a  frw  mi!iutt's  folIuwinK  injury.  De 
f()nnit\  iiKMlnut*'  tluuij^h  chaiju-tcristir.  Nolt-  tln'  outward  diKplnriMuent  of  the  foot  and 
the  promiiu'iut'  »>f  tlit*  iuiut  inalK'olus.  Tht*  dilT««r«'iit«'  in  the  contour  of  the  two  ankles 
may  ht^  rt-adily  rrroiini/.rd  vwu  thouuh  the  kIkm'  on  th»'  ri^ht  foot  haH  not  been  removed. 
Inner  arrow  pointv  to  ruptured  deltoid  li^iuiu'nt.  Outer  arrow  indicates  level  of  fibular 
fracture. 

An  ''inverted"  or  'reverse''  Pott's  fracture  is  an  inward  frac- 
tiire-disjoeation  of  the  ankle  and  will  be  discussed  under  the  head- 
injr  of  "Dislocations  oi*  the  Ankle,"  on  page  684.  The  treatment 
of  this  condition  is  essentially  dilVi^rent  from  tliat  of  Pott's  fracture 
and  tlie  two  lesions  should  not  be  confoundc^d. 

Symptoms.  Iinmediate  and  complete  loss  of  function,  pain  and 
cliaracteristi<-  deformity,  following?  an  injury  to  the  ankle,  are  the 
typical  syniptoiiis  oceiirrintr  in  Pott's  fracture.  The  foot  is  in  a 
j)osition  of  more  or  less  pronounced  eversion  and  the  inner  malleolus 
is  moi'c  prominent   than   normal.     It  is  often   impossible  to  elicit 
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crepitus  but  abnormal  mobility  will  be  reeogniziHl  wbeii  the  biteral 
stability  of  \he  ankle  in  tested.  If  the  foot  is  viewed  laterally  an 
abnormal  prominenee  of  tho  beel  will  usually  be  noted  and  the 
doi*8UT»  of  the  foot  will  be  found  somewhat  shortened.     Measure- 


Fig.  741, 


Fig.   712. 


yim    Tit    1111*1    712  — SiiHpIc   Potr»   frnctiire  tlu^   ri'iuli  of   a    full   on    the   ftmL     Notu 

f>roMiiini.>nii*  in  region  of  tuU*rniil  uiii11iio1u»  find  t^vergion  of  ankl^e,  wtiioh  U  preeent  in 
mill  upriifhi  Auti  Tecumbent  po«ilionH.  Note  altio  deproMion  iibout  one  inch  iibove 
^Kternul  malleotuft  which  cartcsponds  to  fr^cturo  in  flbuU.  Photographed  nbout  twenty 
mitiutpf  following  acdderxt. 

iiients  should  be  made  from  the  anterior  edge  of  the  lower  tibial 
artieular  surface  to  the  base  of  the  jdialanx  of  the  great  toe,  and 
eonipared  with  the  opim^ite  foot.  Swelliujpr  follows  the  injury 
rapidly  and  lends  to  mttsk  the  deformity.     Tiie  luikie-joint  becomes 


1 
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disleiukd  with  blood  and  synovial  fluid.  The  entire  ankle  is  ten- 
der and  painful,  eK|ierially  in  the  region  of  the  hlnilar  fracture  and 
below  the  internal  malleolus.  Eechytnosis  usually  develops  within 
the  first  twelve  or  twenty-four  hours.  If  the  frarture  is  allowed j 
to  go  untreated  or  if  the  condition  is  not  propi-rly  diagnoBed  and 
the  defortiiity  fully  eorreeted,  reeovery  take«  plaee  with  the  ftx»t 
in  eversion  and  haekward  tlisplaL-ement,  This  means  great  and 
permanent  Iosh  of  funetion.  There  are  two  elements  in  the  de* 
formity;  firstly,  the  eversion  of  the  foot  and  secondly,  the  baek- 


Fig.   743.^,SiiHtlitr   view   of    \]u>   ras-    showji    tn    Fiu"*,    Til    uud   111, 


ward  displacement,  lioth  of  whieli  tend  to  reinir  as  soon  as  tlie  parts 
are  released. 

Diagnosis.^ There  should  be  little  diffieulty  in  reeoguizing^  the 
eondition,  espeeially  if  seen  before  the  swelling  has  bec(»me  pro- 
nounced. The  deformity  is  characteristic,  as  shown  iu  the  accom- 
panying ilkistratioDs,  The  eversion,  backward  displacement,  ab- 
normal mobility »  pain,  loss  of  funetion  and  sometimes  crepitus 
should  enable  one  to  recognize  the  condition  as  soon  as  seen.  An 
X-ray  plate,  however,  is  of  great  value  in  determining  the  details 
of  the  injury  and  the  presence  of  unusual  complicating  fractures 
when  they  occur.     It  is  of  especial  importance  in  aseertiiiniug  the 
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position  of  the  fragments  iiftor  reihietion  has  been  atteinptPiL  As 
previously  .sUited  tlic  trauniatic  intia minatory  reaction  tends  to 
mask  the  deformity,  yet  the  disturbed  alignment  is  generally  ap- 
parent  even  when  the  swelling  ^s  extreme.  In  the  nanal  supra- 
malleolar fracture  the  break  in  the  tibia  may  be  recognized  above 
the  ankle-joint,  and  tlie  malleoli  are  not  spread  as  in  Pottos  frac- 
turi\     Tn  longitudinal  splitting  of  the  lower  end  of  the  tibia  the 


FiK,   744 


Flarit.  744  atid  715. —  Rt'crnt  Pott's  frMitiini  iioen  from  liehind,  N«tt(j  <he  oiilward 
diipLaceoif^iiit  of  {hfi-  foot  mid  the.  prominent''^  of  the  inner  mulltoluit.  Deformity  cor- 
ireet^d  hy   drtin'ing   the   foot  inwnrd   wnd   forwnrd. 


diagnosis  is  sometimes  difficult  witliont  the  aid  of  the  X-ray  al- 
though it  will  often  be  possible  to  elicit  an  abnormal  mobility  not 
seen  in  Pott's  fraeture. 

Splitting  ofT  of  a  small  portion  of  bone,  ineluding  the  tibial  at- 
tachment of  the  lower  tibio-fibnlar  ligainpnts  and  a  part  of  the 
lower  tibial  articular  mirface,  may  permit  of  in  dependent  motion 
lietween  the  malleoli,  but  is  often  particularly  diHi<*ult  to  reeogrdze 
unless  a  Ilontgeuograra  is  made. 
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There  is  no  distinction  to  be  made  between  outward  dislocation 
of  the  foot  and  Pott's  fracture;  they  are  practically  the  same  con- 
dition. In  inward  dislocation  of  the  ankle  the  foot  is  displaced 
inward  and  the  accompanying  fracture  in  the  fibula  is  at  a  lower 
level,  while  the  fracture  in  the  tibia  is  at  a  higher  level,  than  is 
seen  in  Pott's  fracture.  In  forward  dislocations  the  foot  is  dis- 
placed forward  and  in  backward  luxations,  backward  instead  of 
the  typical  outward  displacement  accompanying  Pott's  fracture. 

In  some  instances  the  characteristic  deformity  of  Pott's  may  be 
absent  because  of  the  ankle  having  been  pulled  back  into  position 
before  the  surgeon  sees  the  case.  The  lateral  stability  of  the  ankle, 
however,  is  destroyed  and  when  an  attempt  is  made  to  displace  the 
foot  outward  this  fact  is  recognized  and  the  typical  deformity  is 
produced. 

Treatment. — The  indications  in  the  treatment  of  Pott's  fracture 
are  to  correct  the  e version  and  backward  displacement  of  the  foot, 
and  to  see  to  it  that  these  two  deformities  are  completely  reduced 
and  maintained  in  position  until  the  callus  formation  and  liga- 
mentous repair  are  sufficiently  strong  to  prevent  recurrence. 

As  an  emergency  method  Dupuytren's  splint  is  particularly  sat- 
isfactory but  should  be  replaced  by  Stimsoi\'s  plaster  splints  within 
a  week. 

The  deformity  should  be  corrected  as  soon  as  possible  and  meas- 
ures instituted  to  control  the  inflammatory  reaction  which  is  to 
follow. 

The  recumbent  position,  elevation  of  the  injured  foot  and  the 
intermittent  use  of  the  ice  cap  over  the  seat  of  fracture  will  relieve 
the  pain  and  control  the  swelling.  If  the  trauma  producing  the 
injury  was  severe  and  the  swelling  is  great  it  may  be  best  to  treat 
the  fracture  on  a  pillow  splint  for  the  first  few  days. 

Dupuytrcn's  splint. — A  board  as  broad  as  the  calf  of  the  leg,  and 
from  one-fourth  to  five-eighths  inches  in  thickness  extends  from 
below  the  knee  to  a  i)oint  a  few  inches  below  the  foot.  It  is  heavily 
padded  above  the  fracture  with  a  folded  sheet  of  sufficient  thick- 
ness to  allow  complete  inversion  of  the  foot  without  the  latter 
touching  the  splint  (see  Fig.  746).  The  lower  end  is  notched  so 
that  turns  of  bandage  may  be  secured  to  the  end  of  the  splint.  The 
splint  is  fastened  to  the  leg  with  bandages  or  strips  of  adhesive,  the 
foot  forced  into  invei^sion  and  held  in  position  as  shown  in  the  ac- 
companying illustrations.     In  this  way  the  outward  displacement 
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is  corrected  and  maintained  in  reduction.  The  backward  deformity 
is  more  difficult  to  correct  when  this  splint  is  employed.  The  foot 
should  be  pulled  forward  as  the  bandages  are  being  applied,  but 
the  risk  of  subsequent  backward  slumping  of  the  foot  is  consider- 
able and  requires  constant  watching.  This  method  is  of  value  as 
an  emergency  dressing,  especially  since  the  necessary  materials  are 
readily  obtainable  under  almost  all  circumstances.  After  the  splint 
is  applied  the  patient  should  remain  in  the  recumbent  position  with 
the  injured  member  elevated  on  a  pillow  and  the  ice  cap  applied. 
The  change  in  the  size  of  the  parts  as  a  result  of  swelling,  renders 
it  inadvisable  to  employ  a  plaster  dressing  early  in  the  treatment 
of  Pott's  fracture. 


n 
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Fiff.  7ir». — Shows  tht»  makins:  and  usp  of  l)i»i)uytron*R  splint  for  the  treatment  of 
Pott's  fractun*.  Thin  splint  is  most  satisfactory  as  an  (Mnprgency  measure  and  during 
the  acute  traumatic  reaction.  A.  shows  board  with  notched  lower  end.  B.  shows  pad- 
dinsT  applied,  which  is  thickest  at  ankle.  C.  shows  same  bandaf^ed  in  position.  D.  shows 
lower  extremity  in  proper  relation  with  splint.  E.  show^s  foot  forced  into  adduction.  F. 
shows  bandages  applied.  Some  of  the  turns  passing  over  the  foot  are  caught  in  the 
notched  end  of  the  splint,  thus  rendering  adduction  more  firm.  If  the  traumatic  re- 
action is  extreme  it  may  be  best  t«  dispense  with  all  forms  of  bandaging  and  treat  tho 
lee  in  a  frncture-box  or  on  a  pillow  splint  for  the  first  few  days.  (See  Figs.  698  to 
702  and  707.) 


The  Cahot  posterior  wire  splint  with  side  si)lints  is  a  satisfactory 
dressing  ])oth  in  tlio  early  and  late  stages  of  the  treatment  of  this 
fracture  and  has  been  uscmI  with  considerable  success  by  some  sur- 
geons. In  the  early  stages,,  however,  it  has  no  advantage  over 
Dupuytren's  splint  and  interferes  somewhat  with  the  application 
of  the  ice  cap.  In  the  later  stages  it  is  not  as  perfect  a  method  as 
is  that  of  Stimson,  in  which  the  lateral  and  pasterior  plaster  splints 
are  used. 

Stimson's  plaster  splints  constitute  the  most  satisfactory  perma- 
nent dressing  known  for  the  treatment  of  Pott's  fracture.  The  pos- 
terior splint,  which  is  applied  first,  extends  down  the  back  of  the 
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leg  and  heel  and  uinler  the  solt^  of  the  foot  to  the  toes.  The  lateral 
splint  should  extt^nd  From  about  the  upper  <*nd  of  the  tihida,  down 
the  external  aspoet  of  the  h*?f,  under  the  sole  nf  the  foot,  ovrr  the 
dorsum  to  the  extrrnal  nndlfolus.  These  .splints  ore  l»est  nmth-  of 
gauze  folded  inn  I  put  to  fin*  proprr  !eni<tli  and  ahont  four  iiiehe^ 
in  width.     Jf  h  iwvuiy-Wvv  yard  lioit  of  ^auze,  sn^di  as  is  found  in 


Fij?8,  747  and  74H. — Hiiinison'^  plnHtiT  sniints  .i|fp1k>d  to  a  Pott's  fracturti  »ml  held 
in  posiiinn  by  strips  of  adht'iiiT^  plssitrr.  Note  Ivow  the  ftiot  hu,»  bee^n  inirctrtvd  Hud 
brought  forward  unlil  ihf'  relulionR  aro  normal.  Kc^kiiUa  in  thtii  oaee  were  compl«l« 
rettorittion  of  function   nnd  abfipnoe  of  deform ity. 

the  usual  hospital  Bupplif^s  is  availnhle,  the  desired  anioiint  may 
be  cut  from  it  without  waste  and  each  splint  is  thus  made  of  one 
piece.  Each  splint  should  be  from  twelve  to  eighteen  ply,  according 
to  the  size  and  musenlatnre  of  the  patient.  Thrst*  stnjjs  of  gauze 
are  soaked  in  plaster  creani,  wrung  out  and  placed  in  proper  posi- 
tion on  the  leg.     The  posterior  splint  is  applied  first  and  then  the 
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lateral  splint.  The  lower  end  of  the  lateral  splint,  encircling  the 
foot,  should  be  overlapped  by  the  straight  portion  on  the  outer 
aspect  of  the  ankle  (see  Fig.  748).  The  splints  are  plaeed  in  posi- 
tion and  brought  quickly  into  snug  position  by  a  roller  bandage. 
The  surgeon  then  takes  his  place  at  the  foot  of  the  table  and  forces 
the  foot  forward  and  into  adduction  while  the  plaster  is  still  wet. 
This  attitude  is  maintained  until  the  plaster  has  set  sufficiently  to 
maintain  the  proper  reduction.  During  this  time  the  weight  of  the 
foot  and  lower  extremity  rests  on  the  heel  in  the  surgeon's  hand 
thus  forcing  the  foot  forward  and  correcting  the  usual  backward 
displacement.  Some  cases  may  require  more  force  than  is  exerted 
by  the  weight  of  the  limb  in  overcoming  this  posterior  deformity. 
A  quick-setting  plaster  should  be  used,  otherwise  the  holding  of 
the  foot  in  invei*sion  will  be  unduly  tedious.  If  the  condition  is 
compound  the  lateral  splint  may  be  applied  to  the  inner  side  of 
the  leg  with  equal  efficiency.  If  gauze  is  not  at  hand  the  splintia 
may  be  made  of  four-inch  plaster  bandages  soaked  in  water  and 
run  back  and  forth  on  a  table  until  the  proper  thickness  has  been 
attained. 

It  should  be  remembered  in  reducing  an  ordinary  Pott's  frac- 
ture that  the  deformity  cannot  be  over-corrected. 

An  anesthetic  is  always  advisable  in  reducing  the  deformity  and 
in  the  application  of  a  permanent  dressing,  unless  some  constitu- 
tional condition  exists  to  act  as  a  contraindication. 

Following  reduction  a  Rontgenogram  should  be  taken  to  verify 
the  position  of  the  fragments. 

The  usual  Pott's  fracture  can  be  reduced  without  difficulty  as 
just  descril)(*d;  occasionally  complications  exist  such  as  the  interpo- 
sition of  a  fragment  b<4ween  the  astragalus  and  the  inner  malleolus, 
which  render  reduction  without  operation  impossible. 

Operative  Treatment. — The  open  method  is  indicated  when  good 
reduction  cannot  be  acc()mi)lished  by  non-operative  methods  or 
when  the  fractun*  is  compound  from  the  first.  If  reduction  has 
been  attemj)tcd  and  failed,  the  X-ray  will  usually  reveal  the  cause 
of  the  failure,  if  it  has  not  already  been  learned  through  palpa- 
tion and  inspection.  If,  after  complete  inversion  has  been  accom- 
plished, the  uppt'r  end  of  the  fibular  fra«rnient  remains  displaced 
inward  against  the  tibia  and  there  is  undue  space  between  the  ex- 
ternal malleolus  and  astragalus,  it  will  ho  advisable  to  make  an 
incision  over  the  fibular  fracture,  engage  the  fractured  surfaces 
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and  secure  the  fibula  in  proi)or  alignment.  If  internal  fixation  is 
found  ncce8sar>'  to  maintain  reduction  a  Lane  plate  or  wire  may 
be  used.  If  this  inward  displacement  of  tbe  upper  end  of  the 
lower  fibular  fragment  is  allowed  to  persist  it  means  a  widening  of 
the  mortis**  by  outward  displacement  of  the  external  malleolus, 
and  a  weak  ankle  will  result.  The  interposition  of  a  fragment  be- 
tween the  inner  malleolus  and  astragalus  calls  for  removal  of  the 
obstructing  material.  This  is  best  accomplished  through  a  longi- 
tudinal incision  below  tbe  inn(»r  malleolus.  With  the  parts  exposed 
the  inner  lat(»ral  ligaim^nt  should  be  sutured  before  the  incision  is 
closed. 

Operation  is  sometimes  called  for  because  of  loss  of  function  and 
painful  joint  following  an  imperfectly  reduced  Pott's  fracture. 
When  a  patient  presents  himself  for  treatment  under  these  circum- 
8tanc(»s  tbe  case  should  b(^  carefully  studied  by  the  usual  examina- 
tion and  the  X-ray  before  an  opinion  or  advice  is  given.  The 
exact  cause  of  the  disturbed  function  should  be  accurately  ascer- 
tained, and  then,  if  surgical  intervention  offers  relief,  the  parts 
should  be  ()i)ene(l.  Tbe  usual  (pauses  of  loss  of  function  are  trau- 
matic flat-foot  and  backward  displacement  of  the  foot.  Both  of 
these  conditions  can,  as  a  rule,  be  corrected  by  osteotomies  or  read- 
just m<'nt  of  tbe  articular  surfaces.  The  joint  is  best  approached 
througb  two  longitudinal  incisions  over  the  malleoli.  Through  the 
inner  incision  obstructing  materials  sucb  as  bone  or  periosteum  may 
be  removed  from  betw(M^n  tbe  astragalus  and  inner  malleolus. 
Through  tb<'  outer  incision  the  jiosition  of  the  external  malleolus 
may  be  corrected,  if  in  deformity,  and  an  osteotomy  of  the  fibula 
above  tbe  til)i()-fibular  lij^aments  may  be  performed  if  found  neces- 
sary to  bring  tbe  malleolus  ])ack  into  i)asition.  0])structing  fibrous 
tissu<»  should  b(»  removed  if  present.  Tb(»  common  method  of  cor- 
recting an  old  Pott's  fracture  deformity  is  ])y  a  double  osteotomy 
of  tb<'  tibia  and  fibula  above  tbe  ankle.  By  this  means  the  foot  and 
ankle  are  brought  back  into  proper  alignment  with  the  leg  and 
both  tbe  outward  and  tbe  ])ackward  displacements  are  corrected. 

If  the  fracture  is  compound  the  lacerated  edges  should  be  ex- 
cised, the  wound  and  joint  cavity  thoroughly  washed  with  a  few 
gallons  of  pbysiological  sterile  salt  solution  and  the  parts  closed. 
If  infection  follows  in  spitt^  of  this  treatment  the  joint  should  be 
injected  with  Murpby's  glycerine-formaline  solution  and  the  con- 
dition treated  according  to  the  principles  laid  down  under  the  head- 
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ing  of  ** Compound  Dislocations'*  on  page  789.  If  the  case  is  seen 
early  and  the  treatment  just  mentioned  followed  it  will  usually  be 
possible  to  obtain  aseptic  healing  even  though  the  fracture  is  badly 
compounded.  Following  operation  splints  should  be  applied  as 
already  described. 

After-Treatment. — In  the  usual  case  of  simple  Pott's  fracture  the 
ankle  should  be  maintained  in  adduction  for  a  period  of  six  weeks. 
No  weight  should  be  borne  on  the  injured  foot  within  two  months 
of  the  time  of  the  fracture.  Massage  of  the  leg,  especially  the  calf 
muscles,  is  of  advantage  after  the  first  week  but  it  is  best  not  to 
remove  the  splints  early  in  the  after-treatment  lest  recurrence  of 
deformity  take  place. 

There  is  a  marked  tendency  to  the  development  of  flat-foot  fol- 
lowing Pott's  fracture  and  it  is  due  to  incomplete  reduction  of  the 
displacement  or  the  too  early  use  of  the  foot  in  bearing  the  weight 
of  the  body.  Two  months  is  a  longer  period  than  is  usually  ad- 
vised before  weight  is  borne  on  the  foot,  yet  the  author  has  found 
that  if  this  length  of  time  is  allowed  before  the  parts  are  subjected 
to  strain,  the  patient  does  not  develop  flat-foot.  The  use  of  arch 
supports  in  the  late  after-treatment  is  an  admission  in  itself  that 
weight  is  being  borne  on  the  foot  too  soon.  Passive  motion  of  the 
foot,  however,  should  be  begun  early  but  must  be  guarded  lest  out- 
ward strain  be  placed  on  the  ankle.  The  foot  should  be  carried 
through  dorsal  and  plantar  flexion  but  eversion  must  not  be  made. 
By  means  of  massage,  hot  applications  and  passive  motion  the  func- 
tion of  the  joint  should  be  well  restored  before  the  patient  is  al- 
lowed to  bear  his  weight  on  the  member  in  walking.  Passive  mo- 
tion should  be  applied  to  the  joints  of  the  tarsus  as  well  as  to  the 
ankle-joint  proper,  so  that  the  full  flexibility  and  usefulness  of  the 
foot  may  be  restored. 

Prognosis. — If  proper  reduction  is  accomplished  and  sufficient 
time  is  allowed  for  the  solid  repair  of  bone  and  ligament,  in  a 
healthy  adult,  the  joint  should  be  practically  as  useful  and  strong 
as  before  the  injury.  The  older  the  patient,  the  longer  the  conva- 
lescence and  the  more  incomplete  the  restoration  of  function.  A 
certain  amount  of  restriction  of  motion  is  common  following  this 
fracture  and  seems  to  be  unavoidable.  Cases  in  which  accurate 
reduction  has  been  accomplished  and  early  passive  motion  insti- 
tuted, show  th(;  greatest  freedom  of  motion  wh(»n  recovery  is  com- 
plete.    Extreme  dorsal  flexion  is  the  motion  most  commonly  re- 
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stricted  and  the  one  least  essential  in  the  use  of  the  foot.  Traumatic 
flat-foot  following  Pott's  fracture  is  a  serious,  crippling  deformity 
and  shows  a  tendency  to  grow  worse  when  once  established.  Con- 
siderable relief  may  be  had  by  the  use  of  orthopedic  appliances 
such  as  used  in  the  treatment  of  flat-foot  from  other  causes.  Steel 
or  felt  arches  to  support  the  inner  side  of  the  foot  and  a  building 
up  of  the  inner  side  of  the  sole,  may  enable  the  patient  to  get  about 
with  more  or  less  ease  if  the  deformity  is  not  too  great. 

Considerable  improvement  will  usually  take  place  during  the 
first  two  or  three  months  of  active  use  and  weight  bearing. 

Loss  of  lateral  motion  in  the  foot  may  be  productive  of  lame- 
ness and  constitute  a  serious  disability.  Lateral  motion  is  not  one 
of  the  normal  actions  of  the  ankle-joint  but  is  accomplished  by  the 
articulations  in  t\w  tarsus.  It  is  evident  therefore  that  this  condi- 
tion is  not  the  result  of  the  injury  sustained  by  the  tibio-fibular 
articulation  but  follows  prolonged  immobilization  of  the  foot  with- 
out the  necessary  early  passive  motion  to  the  tarsus. 


(CHAPTER  XLVII. 


FRACTrRER  OF  THE   LOWKK  ENDS  OF  THE   TIBIA 
AiND  FIBl'LA. 

Surgical  Anatomy. — TIh^  surifiral  anatomy  of  {\w  lower  ends  of 
the  iiliia  auil  tihiila  is  sitnilar  tci  tliat  alrratly  ^ivi'ii  uiidi^r  the  head- 
ing of  ''Putt  s  fraeture''  on  \m^v  (if)!*. 

Sjrmptoms.  When  lH»tli  hones  an*  rrHclnrecl  ahove  the  ankle,  pain, 
hiss  of  Innetionj  erejiitus,  almorrnal  laoliilily  and  swelling  are 
usually  present  and  well  niark*^d.  Tlir  traiimadr  reaetinn  is  often 
lej?s  pronounet'd  tiian  that  aeruni|Piniyin«,'  the  usual  frnctui'e  of  tfie 


Ff(f.   749, 


Fig.  760. 


FijT,   749,— 8plitlin(f  of  bwor  einl  of  Hhiti, 
Fig,   750. — Spmung  of  lower  end  af  HbtH. 

shaft  and  the  niohility  is,  as  a  rule,  not  so  eouipletely  flail-Hke. 
The  line  of  fracture  in  the  lower  end  of  the  tihia  is  quite  variahle 
and  accordingly  the  deformity  m  not  eharaetenstie.  The  frac- 
ture nuiy  he  transverse,  spiral,  eonuninuted  or  longitudinal.     Longi- 
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Fig,   751, — Frfccturtf   of   tip   of    intern hI    malU^olus. 

Fig.  T52.— Frttcture  of  interntil  luiinetilus  at  higher  level. 

Fi|E.   753. — FfActurts  of  internal  mnWufAna  a\  still  higher  leTel, 


i^*Ji"   ^1?*  — Kpii>li.viM»ttl    »<-iii»rttlcun    af   low*«r   cnti    ut   tiblu   complicated   by   fricture   of 
U    aiftphysis.      Abn    frbrture    of    fltula.      The    result    of    violence    tintiUr 


Doing  Pott  &  fracture. 


lu   Ui«l    pro- 
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tiitliiial  splitting  of  ihi^  lower  v\u]  of  the  i'lhm  entmng  tlip  joint 
cavity  i>>  not  al  all  ujifoimiiun  ami  i.s  usually  a(*fOMipa!ih-il  by  trans- 
verse thiekenhig  of  tlie  arikh-.  The  Vmv  of  fraetiire  may  extemi 
from  the  innei"  surface  of  the  hone  iiitci  Hie  joint  eavity  so  that 
the  inner  loalleolus  is  dit^plaeed  inwartl  or  it  may  extemi  from  the 
outer  surface  of  the  honv  into  tin-  artieulatien  ami  allow  the  frag- 


Flg.  755» 


FJg.   750. 

Figw.   755  liiul  75tj  —  Frui'ltJie  of  \tn\\i  bouea  of  tbc  \l%  jusL  ubove  \Uc  ankli?.      Arrows 
tndicftio  th©  levrU  of  tho  two  frnctuffa. 

ment  and  lower  end  of  tin*  fihula  to  be  displaeed  outward-  Diastasis 
of  tfie  lower  tibio-fibnlar  articulation  with  separation  of  the  lower 
end.s  of  the  bones  of  the  leg  is  oreasiunally  seen  and  fiUM  been  elassi- 
tied  as  a  complication  of  U]jward  disbieation  of  the  ankle  wbt-n  tbe 
astragalus  is  dis|ilaced  iifiward  between  the  ends  of  tlie  liones, 
Supra-mabeolar  fracture  (if  the  tibia  is  usually  aeeompanied  by 
fracture  of  tin*  lower  end   uf  the   tibubu     Fracture  of   tbe   irnier 


4im  mSUiCA* 


mftUaoltts  astuilly  oeeur»  m  m  pmn  of  Pott  s  fnetare,  hmt  €▼«  as 
AJi  iMiIated  mjnrx  it  10  not  it]ii!oiiuiioii*  VaxvmM  tjrpcs  of  fractsnr 
of  ilie  lower  Mub  of  Uu*  tibia  asid  fibula  oeetir  aa  tmoftiemtimm  of 
dialoeatkoa  of  tli*.*  aiiUe  and  of  Pott 'a  fnii*tun%  but  will  sot  be 
HtmaApTcd  nncler  tbia  headinf.  It  ia  ool  at  all  unoMtmoii  to  aae 
em»  of  lb<«  tibinl  fnii?m**iiri«  pnijr**tiiit?  tlirvmtb  lb«»  aWiL     The  de- 


miint 


Fktf,  T&tt. 


(If  ti>«  foOL     C01»p«t4l  tao  two  Al^klop.     Arrotrt   iudicnte  Um  Usreb  ol  tbe  l«rti  ttmp- 


fonuity  may  be  pronounced  and  in  cmen  resulting  from  direct  vio- 
Ir'nfc  thw  friiKnicuUt  may  romitin  in  Uie  puj^ition  in  which  they  were 
drivrn  at  tlit^  tirno  of  tin*  aeiid**nt.  Kj^aetun*  of  tlir  lowt-r  end  of 
th«'  tihula  m  often  attended  by  reiiiarkMlily  nlight  loss  of  fvinetion 
i*«pcdally  if  Um'  line  of  fntrtiirr  is  into  tlie  lower  libio^filuilar  ar- 
liruljifion.  The  patient  may  In*  idilt'  lu  walk  with  Kiieh  11  fracture 
althtiugli  uHe  of  the  riieniher  etitailH  pain. 
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DiagnosiB.— Tlutre  slumld,  m  a  i'ul»%  lje  littlf*  dif^inulty  in  vQQOg- 
nizing  t'ractiiivs  in  this  rrjyrinn  but  tlie  details  of  tlio  Invak  are 
uftiMi  difticiilt  or  im|'Ossil)tp  to   recognize^  without    \hv  aid   of  thc^ 


Fiff.    759, 


FiKf*  Toil  uiitl  TfUi.^ — Fnn'turi*  of  IhUIi  lionrh  of  tins  Iciii  Juist  hIImivii  Jhe  r»tikl*"  with 
iM-cinuuncfd  inwurili  diHfiliict'mcitt  of  (lie  hurt.  The  oUot*ii;nii|;tliK  w**rr  trtkni  nlwut  tw^-i^ty 
tuihutt'B  followiuif  injury  and  show  tm  animui^l  diisplrt^rMifMit.  /,  hulicnles  titf  iiiimer 
<*tid  of  tbe>  lowfT  frnffuu>nt  «>f  1)it!  fibulii.  //.  inUIonte;*  lint  dispIdLpd  f*xt<*rn<tt  miLll«tdu)i. 
///,    kudleiileft  the  hilerntil   titalltnluM.      Injury   lUe   result  of  diri^ct  violence. 

X-ray.  Fractun^  of  thv  (ibala  may  lie  uiistakeii  for  a  sprain  uidess 
till'  t'xairdnation  is  rarid'ally  made.  Wlieii  tin*  frat'lure  is  supra- 
nmlli'olar  tlic  two  niallroli  will  rmiaiu  in  projMr  rrlatiou  to  catdi 
lit  III 'r  but  will  most*  wifb  the  loot  and  not  thi-  b'jLf.     When  the  frac- 


i 


Figs.   Till   und    TtS^i. — Splitliiif  ni   tlie   lower  i:n«l  of  \\m  tihi»   with  brondenins  of   ilu» 
unkii^.      Both    mulWll    prominent.     T>pe   of   cum   retjuiring    operation    lo    fcerur«    th«.    beat 


cartilaginous  and  not  bony.  If  tlie  frHcliire  in  tli«-  fibula  is  nhtivi- 
the  lower  tibio-fibular  ligaments  prt-fisure  in  the  middle  of  the  shaft 
will  produce  pain  at  \hv  seat  of  tbe  fracture.  If  tlie  fracture  is 
through  the  ligaments  or  below  theui  direct  pressure  at  the  site 
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of  tile  lesion  wil!  be  necessary  to  produce  x>ain.  When  the  fibula 
a!orie  h  frartured  tin>re  is  UHualiy  little  loss  of  strength  in  the 
ankle. 

Treatment. — Ju  fnieture  of  buth  bones  above  the  aukle  or  in 
epiphyseal  st-parations  the  indieation8  in  treattnent  are  similar  to 
those  eases  just  deseribed  in  whieli  the  fraeture  is  at  the  usual  site 
(the  juuetion  of  the  midtlle  and  lower  thirds  of  the  shafts).  The 
iieeessity  for  temporary  treatment  is  not  as  great  in  thin  region 
since  the  trautnatir  reaction  is  seldom  as  severe  as  in  fracture  of 
the  shafts.  It  is  best,  however,  to  place  the  leg  in  a  fracture-box 
or  pillow  splint  for  the  first  few  days,  until  the  amount  of  swelling 
to  follow  can  be  determined.  During  this  time  the  ice  cap  locally 
and  intermittently  applied  is  of  great  value,     A  plaster  stirrup  as 


Flf.    7ti.-i         •"    .                                                  ■        •  ■    • '  •      uniUroli.        CulUMU 

prck^rnii    hiuj'^HU    fur    rn^.-irtrnnt    ti«-caime    of    inaliility    t':>    nsr    liirib,  Pen    mitllu«    oil    akin 

indiraTpM  palimtbon  of  iibuln.  Thi»  eaue  ifc  a  ifood  example  of  dHiyfid  rcfltorntioD  of 
funitioii  due  to  inctuoplete  rpduclitm  of  frngmcnts. 

already  described  in  ''Fractures  of  the  Shaft"  will  in  most  cases 
he  found  thoroughly  efficient  in  maintjiining  reduction,  A  quick 
drying  plaster  sliould  he  used  and  the  surgeon  should  hohl  the 
ankle  in  reduction,  while  the  splint  is  setting.  The  best  positioix 
for  the  ankle,  in  a  given  case,  is  the  one  in  which  the  tendency  to 
rei^urrenee  of  deformity  is  least.  It  is  preferable  to  fix  the  foot 
in  a  position  ot*  slight  plantar  flexion  rather  than  at  a  right  angle, 
Tln^  proper  position  for  the  foot,  aside  from  the  prevention  of 
(lerormity,  is  one  in  whieh  the  flexor  and  f*xteLisor  muscles  are  at 
an  etiual  tension  and  balarn-e  each  otiier.  In  iiLstances  in  whieh 
the  h)wer  end  of  the  tibia  is  split  longitudinally  it  wull  often  be 
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necessary  to  force  the  fragments  together,  by  lateral  pressure,  while 
the  plaster  is  drying,  in  order  that  union  may  not  take  place  with 
transverse  thickening  of  the  ankle  and  widening  of  the  mortise. 
If  the  posterior  portion  of  the  articular  surface  of  the  tibia  is 
broken  off  the  foot  should  be  more  or  less  dorsally  flexed  to  favor 
reduction  and  prevent  recurrence.  When  a  fragment  is  broken 
off  of  the  articular  surface  anteriorly  the  foot  should  be  immobilized 
in  the  opposite  position  for  the  same  reasons.  The  foot  should  be 
covered  with  a  layer  or  two  of  sheet  cotton  before  the  stirrup  is 
applied.  The  bony  prominences  about  the  ankle  are  subcutaneous 
and  if  the  splint  is  not  properly  padded  undue  pressure  may  pro- 
duce sloughing  of  the  skin.  Fracture  of  the  fibula  alone  does  not 
require  as  solid  immobilization  as  is  the  case  in  isolated  fracture 
of  the  lower  end  of  the  tibia  or  when  both  bones  are  broken. 

When  an  outward  displacement  of  the  external  malleolus  exists 
as  a  result  of  fracture  of  the  fibula,  whether  the  break  is  above, 
below  or  through  the  lower  tibio-fibular  ligaments,  the  deformity 
should  be  corrected  and  held  in  position  by  the  dressing.  Strong 
adduction  of  the  ankle,  as  in  the  treatment  of  Pott's  fracture,  will 
usually  correct  this  displacement  if  the  internal  malleolus  is  intact. 

Operative  Treatment. — Open  treatment  is  not  as  frequently 
indicated  in  fractures  of  the  lower  ends  of  the  tibia  as  it  is  when 
the  shafts  of  these  bones  are  broken.  It  is  most  commonly  called 
for  when  there  is  a  longitudinal  splitting  of  the  lower  end  of  the 
tibia  in  which  difficulty  is  experienced  in  approximating  the  frag- 
ments. Even  a  slight  spreading  of  the  malleoli  means  a  widening 
of  the  mortise  in  which  the  trochlear  surface  of  the  astragalus 
rests  and  this  condition,  if  not  corrected,  is  followed  by  a  pro- 
tracted recovery  if  not  permanent  disability.  If  two  longitudinal 
incisions  are  made,  one  on  the  inner  and  the  other  on  the  outer 
aspect  of  the  lower  part  of  the  leg,  the  fragments  can  be  replaced 
by  direct  manipulation  and  transverse  holes  drilled  through  the 
approximated  fragments  at  the  most  advantageous  points.  Heavy 
wire  is  then  threaded  through  these  holes  and  the  ends  securely 
twisted  to  maintain  proper  reduction.  In  some  instances  passing 
wire  around  the  fragments  may  be  all  that  is  required  but  this 
point  can  seldom  be  determined  until  the  fragments  are  exposed. 
In  supra-malleolar  fractures  open  incision  may  be  necessary  to 
e fleet  reduction  but  it  is  seldom  necessary  to  employ  internal 
fixation. 
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After-Treatmenl — If  the  traumatic  reaction  is  great  the  leg 
shoul^l  be  treated  on  a  pillow  splint  or  in  the  fraetiire-box  during 
the  tirst  few  days.  The  swellintr  is  iiHually  h^ss  than  that  seen  when 
the  fracture  is  higher,  and  it  will  sehlom  be  necessary  to  wait  more 
than  four  or  five  days  before  placing  the  leg  in  a  permanent  splint. 
As  previously  stated,  the  plaster  stirrup  is  the  most  efBeieni  form 
of  permanent  dressing  in  wiiich  to  treat  fractures  in  this  region* 
Union  may  be  expected  in  the  healthy  adult  in  six  weeks  but  the 
callus  IS  not  sut^cicntly  strong  at  this  time  to  pt^rmit  of  weight 
tieariug.  I^rassage  and  gentle  passive  motion  should  be  instituted 
at  the  end  of  the  second  week.  Dnritig  the  eighth  and  ninth  w<^eks 
Weight  ht*aring  should  be  gradually  inerrased  until  the  jwitii-nt  is 
able  to  walk  at  the  i-nd  of  tw^o  and  a  half  months.  The  time  should 
he  prolong**d  in  eases  in  which  the  fractnr*^  luvolvt'K  the  articular 
surfae*'S  and  wbt*u  jjassive  motion  is  eniidoyed  <lne  regard  should 
be  had  for  the  tendency  to  displacement,  if  such  exists.  It  is  best 
for  the  patient  to  walk  with  a  r-ane  fur  some  time  following  the 
renuwal  of  all  dressings.  t*t*r«istent  swelling  of  the  ankle  should 
be  met  with  massage  and  hot  applications  and,  if  pronounced,  gi*eat 
relief  may  be  had  by  the  use  of  an  elastic  stocking  during  the 
day.  Isolated  fracture  of  the  Mlnila  without  displacement  may, 
as  a  rule,  begin  weight  liearing  at  the  v\u\  of  tliree  or  four  weeks. 

Prognosis.— The  more  arinirate  the  reduction  the  tnore  complete 
and  prompt  is  recovery.  Some  limitation  of  nujtion  in  the  ankle, 
especially  dorsal  flexion,  is  common,  following  fractures  in  this 
region,  particularly  so  when  the  linp  of  fraHure  involves  the  ar- 
ticular surface.  Fractures  of  the  fibula  alone  arc  tisnally  followed 
by  complete  restoration  of  function.  The  prognosis  in  other  re* 
spects  is  similar  to  \hni  already  given  in  *' Fractures  of  the  Shafts 
of  the  Bones  of  the  Leg/'  page  657. 


CHAPTER  XLVIII. 
DISLOCATIONS  OF  THE  ANKLE. 

Surgical  Anatomy. — The  bones  entering  into  the  formation  of 
tho  anklo-joiiit  and  t)i(*  ligaments  holding  these  bones  in  apposition, 
have  aln^ady  been  nu^ntioned  in  the  surgical  anatomy  of  **Pott's 
fraotun*,"  on  pa^c;  ()r>Ji.  The  manner  in  which  the  malleoli  are 
placed  on  citli<a-  side  of  the  body  of  the  astragalus  explains  the 
fre<iuency  witli  which  fracture  complicates  dislocations  of  this  ar- 
ticulation. Nearly  all  the  luxations  of  the  ankle  are  accompanied 
by  fracture  of  eitlier  the  tibia,  fibula  or  astragalus.  One  or  both 
malleoli  may  be  broken  off  and  displaced  with  the  foot. 

The  bones  of  the  ankle  are  not  deeply  situated  and  it  is  not 
luieonnnon  to  see  compound  luxations  of  the  ankle.  When  severe 
and  direct  violence  is  applied  to  the  ankle,  the  foot  may  be  torn 
away  from  the  tibia  and  fibula  and  displaced  in  any  direction. 
The  greater  the  violence  producing  the  injurj^  the  greater  the 
probability  of  the  condition  being  compound  and  complicated  by 
fracture  of  the  malleoli  or  astragalus.  In  severe  cases  the  bones 
of  the  foot  may  be  entirely  torn  from  the  lower  end  of  the  leg 
with  only  the  soft  tissues  connecting  the  two,  and  a  large  rent  in 
the  skin.  In  such  instances  tlie  character  of  the  deformity  is  not 
typical  of  any  of  the  forms  of  ankle  luxation  to  be  described. 

The  typical  luxations  of  the  ankle  in  their  order  of  frequency 
are:  outward,  inward,  backward,  forward,  and  upward.  It  should 
be  remembtM-ed,  however,  that  a  ij:iven  luxation  may  present  a  dis- 
placement resemblinj?  two  forms  of  dislocation.  Thus  the  foot  may 
be  displaced  forward  and  inward  so  that  the  deformity  shows  some 
of  the  cliaracteristics  of  botli  the  forward  and  inward  types  of 
dislocation.  In  many  of  these  luxations  (especially  the  lateral 
types  I  tlu're  may  be  a  rotary  element  present  in  which  the  foot  is 
turiiod  either  inward  or  outward  on  a  more  or  less  vertical  axis. 
This  form  of  displacement  has  been  described  as  a  separate  form 
of  luxation,  and  may  occur  as  such,  but  is  almost  always  secondary 
to  one  of  the  other  disloeations  just  mentioned. 
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Ciitcanriim ;    Cubr,  Cuh^id, 


Fiie.  765, — View  of  ligdDient^  ot  (o*A  from  libifll  »idp.  Cun.L,  Intcrnnl  Cqnelform: 
A\,  NftvieMlnrj_  A.,  A«tr»ittlui! ,  2\,  Tibia;  €ai..  Cnlcuneum ,  J.P,,  Tendon  of  tJbimlli 
po»ticii«;  G>,  Qronve  for  th«  piiMAge  of  Uie  tendan  of  the  tibialis  po«iicui. 
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In  outward  lusations  tlio  lesions  are  somewhat  variable.  The 
less  severe  forms  of  this  dislocation  are  the  same  as  Pott's  fracture, 
which  has  already  been  described.  AYhen  the  force  which  pro- 
duces Pott's  fracture  continues  to  act,  the  lower  tibio-fibular  liga- 
ments are  either  ruptured,  or  tear  away  their  tibial  attachment, 
including  a  fraj^ment  of  bone,  and  the  astragalus  continues  in  its 
outw^ard  course.  If  the  displacement  is  great  enough  to  allow  the 
trochlear  surface  to  clear  the  tibial  articular  surface,  the  astragalus 
will  be  displaced  upward  as  well  as  outward  and  is  described  as 
one  of  the  upward  luxations  of  the  ankle  (Dupuytren's  disloca- 
tion). The  more  pronounced  the  lateral  displacement  of  the  ankle 
(until  it  clears  the  tibia)  the  greater  the  tendency  of  the  astragalus 
to  rotate  on  a  more  or  less  horizontal  antero-posterior  axis.  When 
this  rotation  occurs  the  foot  corresponds  to  the  position  assumed 
by  the  astragalus.  The  outer  side  of  the  foot  is  raised  and  the 
sole  looks  downward  and  outward.  The  surgical  anatomy  of  this 
fracture  luxation  is  the  same  as  Pott's  fracture  (see  page  659). 

In  inward  htxafions  of  the  ankle  (** inverted"  or  ** reversed" 
Pott's  fracture)  the  fibula  is  usually  fractured  at  the  level  of  the 
joint  and  the  inner  malleolus  is  broken  off  at  its  base.  The  line 
of  fracture  in  the  tibia  is  usually  oblique,  extending  upward  and 
inward  from  the  junction  of  the  horizontal  and  vertical  portions 
of  the  lower  tibial  articular  surface.  The  usual  position  of  the 
fracture  is  wtII  illustrated  in  Fig.  753.  The  astragalus  commonly 
shows  more  or  less  rotation  in  a  direction  opposite  to  that  usually 
seen  in  Pott's  fracture.  The  foot  is  displaced  inward  according  to 
the  degree  of  causative  violence.  Inward  rotation  of  the  foot  is 
particularly  common  in  this  form  of  luxation. 

Ba-ckward  lu.ratw)}.s  are  extremely  rare  and  almost  invariably 
accompanied  by  fracture.  They  may  result  from  extreme  plantar 
flexion  of  the  foot  or  from  a  force  w^hicli  drives  the  foot  backward 
wiien  the  leg  is  fixed.  The  reverse  mechanism  may  obtain  in  which 
the  lower  end  of  the  leg  is  driven  forward  while  the  foot  is  fixed. 
When  this  type  of  luxation  is  the  result  of  extreme  plantar  flexion 
the  posterior  nuirjrin  of  the  tibia  is  almost  invariably  broken  off. 
It  is  common  for  one  or  both  of  the  malleoli  to  be  broken  off  and 
displaced  backward  with  tlie  foot.  The  lower  end  of  the  tibia  rests 
on  the  scaphoid  and  cuneiform  bones  while  the  astragalus  is  dis- 
placed backward.  The  ligaments  of  the  joint  suffer  extensive 
laceration.     If  one  malleolus  and  its  corresponding  lateral  ligament 
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Tvmain  intaet  the  Ipavkward  liisplari^nipnt  will  bf^  appompaniod  by 
iiinre  or  lcs,s  of  a  rotary  derortnity  with  tli<^  sound  Tiialleohis  as  the 
center  of  the  arc  deserihe<l. 

Forward  lnj-alions  are  extremdy  rare  and  abnost  invariahly 
accotiipanied  by  fratdiire  of  the  malleoli  or  the  anterior  edge  of 
the  tibia.  This  type  of  disloeation  of  the  ankle  is  produced  by  a 
foree  whieh  ilrives  thi^  lower  end  of  the  leg  backward  while  the  foot 
is  fixed,  or  the  same  result  may  follow  a  l>!ow  on  the  heel  which 
drives  the  foot  forward  wliile  the  leg  is  fixed.  Extreme  dorsal 
flexion,  alone  or  eombined  with  an  antero-posterior  foree,  may  be 
responsible  for  tfie  luxation.  When  eansed  by  flexion  the  anterior 
edge  of  tile  lower  end  of  the  tibia  is  almost  always  broken  oft\  The 
reported  eases  of  this  luxation  are  very  few^  bein^  less  than  fifteen 
iu  all  an<l  have  usually  been  aeeompanied  by  fraeture,  j\Iost  of 
the  uneoiiiplii^atiMl  cases  were  re|)ortrd  before  the  X-ray  eame  into 
use  and  some  writers  (jn est  ion  the  oecurrence  of  this  luxation  un- 
aeeompanierl  by  fraeture.  The  e<qse  shown  iu  Fipr*  7fi8,  however,  is 
a  pure  luxation,  as  det!ioustrated  by  tlu'  X-ray  plate  whit^h  was 
taken  followiuj?  reduction  and  wbieh  showed  no  fraeture. 

Upward  htrafioHs  of  the  ankle  are  extremely  rare.  Two  forms 
are  deseribed.  The  fir.st  is  simply  an  exa^'jjje rated  TotTs  fraeture 
with  diastasis  of  the  lower  tibio-filnilar  articulation  and  an  upward 
dis|)lat*<^m<^nt  of  the  a.stra^ahis  between  the  lower  ends  of  the  tibia 
and  libiila.  Tbi.s  luxation  has  already  hetoi  deseribrd  with  out- 
ward dislocations  of  the  ankle  and  is  kinnvn  as  Dupuytren's  lux- 
ation. The  siH'ond  form  of  njnvard  dislo<*iition  is  one  in  which  the 
astragalus  is  displaced  u[nvanl  betwi-en  tlie  hiwer  eiuls  of  the  tibia 
and  tibnla  following:  a  diastasis  of  the  tibiofibular  joint,  without 
ihf^  usual   i'<miplieHtin*r  fraeture  of  the  fibula. 

Symptoms.-  In  ail  forms  of  ankle  luxations  the  paiu,  tenderness, 
loss  of  function  and  swelling  are  usual ly  pronouu<*ed.  Keehymosis 
often  develops  within  twelve  to  twenty-four  hours  and  is  mueli 
more  constant  if  the  condition  is  accompanied  by  fraeture.  The 
deformity  varies  with  the  type  of  luxation. 

In  outward  Jtfxafious  file  apf>earanee  of  the  ankb*  is  usually 
typical  of  I'otl*s  fraeture  and  the  exaggerations  of  this  deformity 
just  descrilied* 

In  itiwarfl  htrailouH  of  the  ankle,  the  foot  is  usually  markcilly 
inverted  witli  more  or  less  adduction.  The  inner  side  of  the  foot 
is  higher  than  normal  while  the  outer  edge  of  the  sole  is  depressed. 


1 


688 


FRACTUKES  AND  D^IjOCATIONS 


The  defortnity  is  symmetriciilly  opposite  to  that  seea  in  Pott*s  frac- 
tart*.  \Yh<»ii  rotan*  deformity  aecompanii's  the  eondition  it  is 
UKUiiUy  iim-arcU  tod  may  be  as  ranch  as  ninety  degrees,  so  the 
tm*3i  jxnnt  dir«H*tly  toward  the  opposite  foot. 


Figm.  7A4  flii4   7<I7, —  rnvar4  frac««n»4ft« 

|||«  »|ltll    i*   ■Irirtrtii'J    brtwc»ifti   it   Jitul  th0 


I  «t  t^  tttkl*  ft  lev  mioBtcft  tollriw 
iidbf^i  wilk  lfe«  fottlw  Tlie  external 
"■  «lii«  mud  lAw  w»? 
wiilural  dilBraU>. 


f\|t,   T««. — Ant 
tW  tibto^  cranio  I 

by   blow   on 


t 


In  li«clriraril  dis^mc^mm  the  dorwim  of  the  foot  is  shorts  than 
nortiial  ami  lb«^  htnA   b  tinduty  proniiii«>nt.    The  fool  k  nsoaQjr^ 
hdd  in  a  }Hiesitiou  of  tiw^re  or  less  pronocmred  plantar  flexkm  as  a] 
rifsult  of  the  increased  krerage  of  the  masd«s  attaebed  to 
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teiido  Aehillis.  A  transverse  ridge  is  felt  anteriorly,  in  the  bend 
of  the  ankle,  and  the  extensor  tendons  may  be  palpated  passing 
across  it  from  the  leg  to  the  foot.  If  the  malleoli  are  not  frac- 
tured they  will  be  found  displaced  forward  with  the  leg. 

In  forward  luxations  the  appearance  of  the  foot  and  ankle  is 
the  reverse  of  that  just  described.  The  dorsum  of  the  foot  is 
lengthened  and  the  heel  shortened.  The  malleoli  are  both  dis- 
placed backward  unless  broken  off.  The  trochlear  surface  of  the 
astragalus  can,  as  a  rule,  be  felt  in  the  bend  of  the  ankle,  and  when 
the  usual  fracture  is  present  it  may  be  possible  to  palpate  the  de- 
tached tibial  fragment. 

In  ujyward  luxations  accompanied  by  fracture  of  the  fibula  the 
clinical  picture  is  that  of  an  exaggerated  Pott's  fracture.  Abnor- 
mal lateral  mobility,  broadening  of  the  malleoli,  more  or  less  ever- 
sion  and  crepitus  are  usually  present  on  examination.  The  con- 
dition is  often  compound.  When  upward  luxation  exists  without 
fracture  of  the  fibula  abnormal  lateral  mobility  may  be  absent. 
The  malleoli  are  lowered  (nearer  the  sole  of  the  foot)  and  widely 
separated.     The  leg  above  the  ankle  is  broader  than  normal. 

Diagnosis. — With  a  knowledge  of  the  anatomy  of  the  parts  it  is 
not  difficult  to  recognize  the  different  types  of  luxation  which 
occur  at  the  ankle.  The  presence  of  complicating  fracture,  how- 
ever, is  often  not  easy  to  determine  without  the  aid  of  the  X-ray. 
If  the  case  is  not  seen  until  some  hours  have  elapsed  following  the 
injury  the  swelling  may  be  so  intense  that  palpation  is  quite  diffi- 
cult. Tlie  disturbance  in  the  alijrnment  of  the  foot  and  leg,  as 
viewed  from  the  side  and  antero-posteriorly,  sliould  be  recognized 
by  inspection  even  if  the  swelling  is  pronounced.  Motion  of  the 
foot  will  usually  reveal  the  nature  of  the  injury.  An  X-ray  exam- 
ination of  these  conditions  cannot  be  considered  complete  unless 
two  plates  at  right  angles  to  each  other  are  made. 

Treatment. — The  nature  of  the  injury  should  be  appreciated  by 
the  surgeon  before  an  attempt  at  reduction  is  made.  There  is 
usually  little  difficulty  in  returning  the  articular  surfaces  to  their 
normal  relations  but  when  fracture  complicates  the  condition,  as 
it  frequently  doe^s,  some  trouble  may  be  experienced  in  maintaining 
reduction.  A  short  plaster  stirrup,  as  already  described  in  the 
treatment  of  fractures  of  the  tibia  and  fibula,  is  the  most  satisfac- 
tory method  of  treating  these  luxations  hut  the  application  of  this 
dressing  should  be  delayed  until  the  swelling  (if  pronounced)  has 
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subsided.  During  this  time  the  ankle  may  be  treated  in  the  pillow 
splint  or  fracture-box  with  the  foot  elevated  and  the  ice  cap  ap- 
plied. If  no  fracture  exists  the  most  comfortable  position  for  the 
foot  is  at  an  angle  of  about  100  degrees  with  the  leg.  In  other 
words  the  foot  should  be  immobilized  in  a  position  a  little  more 
than  a  right  angle.  If  the  anterior  edge  of  the  tibia  has  been  frac- 
tured the  foot  should  be  fixed  in  plantar  flexion,  if  the  posterior 
edge  is  broken  off  it  should  be  placed  in  dorsal  flexion.  In  fracture 
of  the  malleoli  there  is  usually  little  tendency  to  the  recurrence 
of  deformity  if  good  reduction  has  been  accomplished.  In  the 
treatment  of  Pott's  fracture  the  foot  is  inverted  as  far  as  possible 
and  there  is  no  danger  of  overcorrecting  the  deformity,  but  in 
inward  luxations  of  the  ankle  the  reverse  is  not  true.  The  deform- 
ity can  be  overcorrected  and  if  the  foot  is  put  up  in  extreme  ever- 
sion  the  result  will  be  recovery  with  pronounced  deformity.  The 
reasons  for  this  are  apparent  if  we  note  the  lines  of  fracture  in  an 
inward  luxation  as  compared  with  a  Pott's  fracture.  In  an  inward 
luxation  the  foot  should  be  brought  back  into  alignment  with  the 
bones  of  the  leg  and  fixed  with  a  plaster  stirrup. 

Operative  Treatment. — Operative  treatment  is  usually  not  called 
for  except  in  compound  luxations  and  in  instances  in  which  com- 
plicating fractures  cannot  be  satisfactorily  reduced  by  non-oper- 
ative methods.  The  fragment  of  a  fractured  malleolus  may  become 
displaced  and  wedged  between  the  astragalus  and  end  of  the  tibia, 
requiring  removal  before  proper  reduction  can  be  effected.  If 
one  of  the  malleoli  or  a  portion  of  the  lower  end  of  the  tibia  re- 
mains displaced,  in  spite  of  attempts  at  reduction,  it  may  be  ad- 
visable to  fix  it  in  position  through  an  open  incision. 

Compound  dislocations  of  the  ankle  should  be  treated  along  the 
linos  laid  down  in  the  treatment  of  *^ Compound  Luxations'*  on 
page  789.  The  cavity  of  the  articulation  should  be  irrigated  with 
a  f(»w  gallons  of  sterile  salt  solution,  devitalized  tissue  trimmed 
away  and  the  wound  closed.  Fragments  should  not  be  wired  at 
this  time.  If  internal  fixation  is  found  necessary  it  should  be  per- 
forintHl  at  a  later  date  after  the  primary  wound  has  healed.  If 
severe  infection  develops  amputation  may  be  necessary  especially 
if  the  patient  is  old  and  feeble.  Amputation,  however,  is  rarely 
called  for,  even  in  compound  cases,  if  proper  surgical  measures  are 
carried  out. 

After-Treatment. — The  care  of  these  cases  following  reduction 
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varies  greatly  with  the  complications.  In  simple  dislocations  of 
the  ankle  without  fracture,  ligamentous  union  will  be  firm  at  the 
end  of  about  three  weeks.  Function  should  be  resumed  gradually. 
Gentle  passive  motion  should  be  begun  at  the  end  of  ten  days. 
When  the  condition  is  complicated  by  fracture  of  the  lower  ends 
of  either  the  tibia  or  fibula  the  after-treatment  will  be  practically 
the  same  as  that  already  given  for  ** Pott's  fracture'*  (page  673) 
and  in  ''Fracture  of  the  Lower  Ends  of  the  Tibia  and  Fibula.'' 

Prognosis. — In  simple  luxations  the  prognosis  is  good  but  when 
fracture  complicates  the  dislocation  (as  it  almost  invariably  does) 
the  outlook  varies  with  the  nature  of  the  break.  The  prognosis  is 
essentially  that  of  the  complicating  fracture  and  may  be  considered 
the  same  as  set  down  under  ''Fractures  of  the  Lower  Ends  of  the 
Tibia  and  Fibula,"  page  683,  and  under  "Pott's  Fracture,"  page 
673. 


(CHAPTER  XLTX. 

KKACTLIRES  AND  DISLOCATIONS  OF  THE 
ASTRAGALUS. 

When  the  astragalus  is  luxated  from  the  navicular  or  the  cal- 
vAiieuiu.  but  remains  in  its  normal  relation  with  the  bones  of  the 
W<»  the  condition  comes  under  the  heading  of  Subastragalar  and 
Me\ni>-tai's«l  Dislocations  (pages  699  and  709).  When  the  as- 
tragalus is  dislocated  from  the  tibia  and  -fibula,  but  remains  at- 
tached to  the  tarsal  bones,  the  condition  is  known  as  a  dislocation 
of  tlie  ankle.  Complete  luxations,  therefore,  are  the  only  displace- 
ments of  this  bone  considered  under  this  heading.  These  may  be 
in  any  direction  but  are  most  commonly  forward,  or  forward  and 
outward. 

Surgical  Anatomy. — The  astragalus  is  composed  of  soft  cancellous 
hone  covered  by  a  layer  of  compact  tissue.  The  greater  part  of 
the  surface  of  the  bone  is  taken  up  by  the  articular  surfaces  which 


Fig.   770. 


Kiirs.  Tii«>  ;iiul  770.  LattMsil  and  aut«T«)-|)ost«  rior  virws  of  a  fracture-luxation  of 
till'  astrau'ahis  Krarturr  i>a>s«s  thnnurh  lu'rk  of  bono,  the  anterior  fragment  being  dis- 
l.laivd   lalrralh. 

nitiT  into  the  formation  of  the  calcaneo-astragalar,  astragalo- 
naviiMilar  and  tihio-tarsid  joints.  Above,  it  articulates  with  the 
tibia   and   laterally    the   two   malleoli   extend   downward   and  era- 
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brace  it,  thuH  foniiing  tlie  firm  eonq>act  tiiortise  of  the  tibio-as- 
tragalar  aiiiciilation  wbicb  allowg  oi'  niotioii  in  only  one  plane. 
Below,  the  astraj^alus  presents  two  artinilar  surfaeas  uliieli  i*nter 
into  the  formation  of  the  eah^aiieo-astray:ahir  joint.  Thes*-  two 
facets  are  separated  by  a  deep  groove  for  the  altaehnieiit  of  the 
lieavy  interosseous  ligament  whieh   bolds  tlie  ealeaneum   and  as- 


1 


Fi<.    771- — Antt^rrj  poKleritjr    view    of    outWArrl    luxntioo    ^i 
rotAled  QQ  an   nnt^Tc^ii'UKteriur  ftXii  u  well  at  W\ns  dispLuved   laU'rull>. 


1  he    bai>t    li 


tragahis  together.  The  anterior  surface  of  the  astragalus  (the 
head)  projiM'ts  forward,  inward  and  downward  and  artieidat^^s 
with  the  iiavieidar. 

Tfie  astra^'alns  is  lield  in  position  by  tin-  conformation  of  the 
hones  Hurrounding  it  and  tbt-  lieavy  liganu^nts  wbieh  l>ind  it  to  the 
Hbia,  fibnla,  i-aleaiKinn  and  navieidar.  Tliere  are  no  museular 
attachments  on  this  boln^ 
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In  falls  on  the  foot  the  astragalus  may  be  crushed  between  the 
tibia  and  calcaneum  and  is  not  infrequently  associated  with  frac- 
ture of  the  latter  bone.  This  type  of  violence,  however,  is  much 
more  likely  to  produce  fracture  of  the  shafts  of  the  bones  of  the 
leg  or  fracture  of  the  os  calcis. 

In  fractures  of  the  body  of  the  astragalus  the  nature  of  the 
break  is  not  constant ;  it  may  be  transverse,  longitudinal,  or  stellate, 
or  the  entire  body  may  be  extensively  crushed  and  comminuted, 
with  a  decrease  in  the  distance  between  the  calcaneum  and  bones 
of  the  leg. 

Fracture  of  the  neck  of  the  astragalus  is  the  most  common  break 
occurring  in  this  bone  and  usually  results  from  extreme  dorsal 
flexion  of  the  foot.  Fractures  of  the  neck  of  the  bone  are  usually 
transverse  and  the  head  is  seldom  much  displaced.  Lateral  lux- 
ations may  occur  with  fracture  of  the  malleoli,  and  backward  dis- 
location of  the  body  of  the  bone  accompanied  by  fracture  of  the 
neck  is  a  condition  which  occurs,  but  is  extremely  rare.  The  soft 
tissues  surrounding  the  ankle  are  scant,  and  in  the  usual  forward, 
or  forward  and  outward  luxation  there  is  scarcely  room  within  the 
skin  to  accommodate  the  bulk  of  the  displaced  bone.  Accordingly 
luxations  of  the  astragalus  are  often  compound.  In  simple  cases 
the  skin  covering  the  displaced  bone  is  rendered  so  tense  that 
sloughing  is  likely  to  follow  if  the  displacement  is  allowed  to  remain 
unreduced.  The  ligamentous  damage  accompanying  luxations  of 
the  astragalus  is  usually  extensive.  The  displacement  of  this  bone 
throws  the  foot  out  of  alignment,  and  the  deformity  will  depend 
largely  on  the  position  occupied  by  the  astragalus.  The  displaced 
bone  may  be  rotated  in  various  directions  depending  largely  on 
the  trauma  which  produced  the  luxation.  Fracture  and  dislocation 
may  both  be  present  in  the  same  ease.  In  such  instances  there  is 
usually  a  fracture  of  the  neck  with  luxation  of  either  the  head  or 
body. 

Symptoms. — The  symptoms  accompanying  fractures  and  disloca- 
tions of  the  astragalus  vary  greatly  with  the  nature  and  degree 
of  the  injury.  Fractures  of  this  bone,  especially  of  the  body,  have 
fre(juently  been  mistaken  for  sprains  of  the  ankle  and  treated  ac- 
cordingly. In  fractures  of  the  body,  pain,  swelling  and  disability 
are  pronounced,  ^lotion  of  the  ankle  and  attempts  at  weight  bear- 
ing gi-eatly  increase  the  suffering.  Crepitus  may,  or  may  not,  be 
present.     It  is  usually  best  elicited  by  palpation  in  the  bend  of 
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the  atikle  while  the  foot  is  being  passively  flfxed  and  extended. 
Fracture  of  the  neck  of  tiie  a^t  rascal  us  is  nstuilly  attended  by  symp- 
toms a  little  more  prunouueed  than  is  tlie  ease  in  fraetiire.s  of  the 
body.  Pain,  loss  of  fimetioo,  swelling  and  loeal  tenderness  are 
generally  severe  and  erepitus  is,  as  a  rnle,  easily  elieited  by  lateral 
motion  of  the  foot.  Deformity,  if  j)resent  at  all,  is  usually  very 
sligbt  in  either  fraeture  of  tbe  body  or  neck. 

In  luxations  of  the  boue  loss  of  function,  pain,  .swelling  and 
loeal  teuderuess  are  equally  as  pronouneed  as  lu  fraeture,  and  the 
deformity  is  usually  extreme.  In  any  of  tbe  I'orwaril  displaee- 
nients  tbe  bone  may  he  felt  as  a  prouiiueut  maws  in  the  bend  of  the 
ankle,  the  foot  is  more  or  le»sa  depressed  and  I  be  malleoli  are 
lovvereii.  Wht^n  ihe  astragalus  is  ilisplaeed  forwiird  nml  uutwaril 
ihe  focit  will  be  inverted.  When  tin*  hone  is  hixnted  forward  and 
inwartl  the  foot  will  be  everted.  In  baekward  luxations  of  the  bone 
{praetiealiy  always  assoeiated  wilb  fraeture  of  tbe  neek)  the  body 
may  be  felt  hetwi^en  the  lower  end  of  tbe  tihin  and  the  teudo 
Aehillis,  and  an  ahnormal  hollow  will  be  nott^l  anteriorly,  below 
the*  biWer  end  of  thi'  tibia.  Latrj^al  luxations  nre  a.ssoeiated  with 
fraetures  of  one  or  both  mallMoli,  are  usually  iui*nnii»letv^  an<l  re- 
.senible  lateral  disloeatifius  rd'  tbe  ankle. 

Diagnosis. — Tlir  diagnosis  of  these  different  lesions  is  based  on 
the  sym|dotns  just  given.  Fraetures  of  the  astra^^'alns  are  td'teu 
ditHieult  to  deternune  unless  erepitus  eau  be  elieited  and  even  then 
the  surgeon's  appreeiation  nf  tbe  eondition  is  likely  to  be  vague  if 
tbe  r'ase  is  not  exa!niui'<l  with  tbe  X-ray,  Tlie  defonnity  in  lux- 
ations is  usually  sutlicieruly  jtrouounet^fl  to  [jerunt  of  rtTOguition 
of  tile  eondition.  The  assoeiation  of  fraetures  o(  tbe  different 
hones  of  tins  regif>n  is  so  frequent  tbnf  the  X-ray  sbonld  l>e  em- 
ployed whenever  available.  B}^  its  use  eompUeatiiig  lesions  are 
often  shown  to  exist,  wbieh  would  otherwise  he  overlooked. 

Treatmeiit* — The  traumatie  r(*aetion  is  often  se\^ere  during  the 
first  few  daya  or  wei'k  in  fraetures  of  this  bone  and  (hiring  tins 
time  it  is  advisable  to  treat  tbe  leg  in  the  piUow  splint,  in  tbe  ele- 
vate<l  pcisitioii  and  with  the  intermittent  use  of  the  iee  eap.  When 
the  swelling  bas  subsided  the  toot  and  aukh^  may  he  tixed  in  a 
short  plaster  stirrup  after  the  parts  havt^  hetMj  properly  eovered 
with  slieet  eotton  to  providt*  the  necessary  padding.  Tbe  best 
reduetiou  is  usually  bad  iu  a  position  of  sligbt  plaidar  Hexion, 
whieh  position  is  preferabk-  iu  most  eases  to  the  aeademie  '* right 
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angle/*  so  insistently  and  uselessly  demanded  in  most  text-books. 
If  the  condition  is  accompanied  by  other  fractures  in  the  foot  a 
more  complete  fixation  may  be  required,  and  is  had  by  means  of  a 
short  posterior  plaster  splint.  This  splint  is  applied  before  the 
stirrup  and  extends  down  the  leg  and  under  the  foot  to  a  point 
just  beyond  the  toes.  It  is  the  same  as  used  in  fractures  of  the 
metatarsals. 

In  dislocations  of  the  astragalus  reduction  should  be  effected  at 
the  earliest  possible  moment,  unless  the  condition  is  compound. 
The  necessary  manipulations  will  depend  entirely  upon  the  posi- 
tion occupied  by  the  displaced  bone.  The  object  is  to  return  the 
trochlear,  surface  of  the  astragalus  to  its  proper  relation  in  the 
mortise  formed  by  the  tibia  and  fibula.  This  may  be  a  difficult 
matter  t»specially  if  rotation  of  the  bone  has  occurred.  The  fact 
that  no  tendons  are  inserted  into  the  astragalus  increases  the  diffi- 
culty of  reduction. 

In  forward  displacements  of  the  bone,  direct  backward  pressure 
on  the  prominent  trochlear  surface  will  usually  effect  reduction. 
Plantar  flexion  before  the  bone  is  ** started,"  and  dorsal  flexion  in 
the  latter  part  of  the  manipulation  may  aid  materially  in  reduction. 

In  the  forward  and  outw^ard  type  of  luxation  similar  maneuvers 
are  employed.  The  common  outward  rotation  of  the  bone  is  often 
difficult  to  correct,  and  until  it  is,  it  will  usually  be  impossible  to 
effect  reposition.  Strong  traction  on  the  foot  and  sometimes  an 
accentuation  of  the  inversion  will  render  the  direct  pressure  more 
efficient. 

In  inward  and  forward  luxations  the  opposite  manipulations 
are  necessary  to  return  the  bone  to  its  normal  position. 

In  backward  luxations  with  the  usual  fracture  of  the  neck,  strong 
traction  with  direct  forward  pressure  on  either  side  of  the  ankle 
in  front  of  the  tendo  Achillis,  will  usually  be  sufficient  to  accom- 
plish reduction,  l*lantar  flexion  of  the  foot  while  traction  is  being 
made,  will  increase  the  distance  between  the  calcaneuni  and  the 
tibio-fibular  mortise  posteriorly  and  may  thus  facilitate  reduction. 
If  reduction  cannot  be  accomplished  by  manipulation,  open  incision 
under  proper  surgical  surroundings  should  be  resorted  to  at  once. 
This  is  particularly  true  of  any  of  the  anterior  luxations,  since  the 
pressure  exerted  by  the  displaced  bone  may  produce  sloughing  of 
the  integument  and  render  the  condition  compound.  The  fact 
that  the  trochlear  surface  is  slightly  broader  anteriorly  accounts 
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for  the  froqui-ney  of  cornplicatiug  fraotiirt^H  of  tho  malleoli  in  back- 
ward luxations.  Wlien  either  of  the  riialhmli  are  !rroken  they  de- 
serve ypeeial  eoiisidt^'ation  in  thi-  In-atiuent  (see  '*  Putt's  Frac- 
ture/* page  668,  and  '*DisU)eatious  of  the  Ankle/*  page  689.  The 
treatment  of  lateral  dislofiitions  with  frartnre  nf  the  malleoli  is 
similar  to  that  already  given  for  hitei'al  luxations  of  the  ankh^ 
When  either  fraeture  or  luxation  of  the  astragalus  is  compound, 
iinuuMliatc  ojHrative  interv«r'iiti(m  is  dcmaiided. 

Operative  Treatment— operation  is  seKh)m  imli<'ated  in  the 
treatment  of  simjrle,  unrnnij plicated  fraetures  of  the  astragalus. 
It  is  called  for  in  eoittptaind  t^asrs  and  in  instancL's  in  which  lux- 
ations ol'  the  honr  cannot  l>e  i aimed ialcly  rr>rri'etrd  liy  manipula- 
tioth  In  r<>m|)onnd  casrs  no  attempt  at  r<nlni'tinn  shonld  be  made 
until  ihr  fiaticnt  is  in  the  (jptMatin^  room.  The  skin  should  be 
painti'd  wilh  a  Hvr  perernt  tinelun-  ol"  iiidinr,  laretated  and  de- 
vitalizerl  ti«**^ue  should  he  triiiimt-d  away  froai  tlu^  aiargin  of  the 
woninl  anil  the  cavity  irri'^ated  with  a  feu  gallons  of  strrile  salt 
solution.     The  surgeon  then  determines  what  tht*  iuiiividual  needs 


Tig,   772. — Dfforin*'cl     r^^tlJll^:lhl^    ivnifivtMl    to    n  ntoru    fun.tion.      Old    frHc^urc    wHli 
udiiin  in  d(fformiil.v. 

at  tile  eiLse  may  he.  Fractures  usually  require  nothing  in  the  way 
of  reduction,  and  internal  Hxation  of  the  fragments  is  not  feasibh*. 

In  luxations  liie  bone  is  to  be  retunu-d  to  it*s  normal  position  hy 
direct  numipidation  while  traction,  flexion,  extenmon  or  other 
needed  numeuvi'rs  of  the  foot  are  carried  out.  Care  shonld  he 
exercised  to  avoid  injury  to  the  articular  surfaces  while  grasping 
the  hfine  wdth  forceps*  The  best  tdaee  to  grasp  the  aHtragalns  and 
one  in  which  the  teeth  of  the  forreps  will  do  no  damage,  is  at  the 
neck. 

The  wouiul  h  then  closed  witli  interrupted  .sutures.  If  diM- 
culty  18  experienced  in  britiging  the  edges  of  the  wound  together, 
after  the  devitalized  ti.ssue  has  been  n-moved,  it  may  be  necessary 
to  perforni  some  pla^tie^  skin-sliding  operation.     It  is  imperative 
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that  ilin  wciunci  be  cldHtil  iit  liiisi  imu%  cvou  at  the  uxpt^iisc  of  l^rtvinif 
mnu*  adjoiuiug  anm  d»'Hn<l*ai.  If  suppuration  occurs  in  spite  of 
thiH  treatment  (ajid  it  rarely  tines)  tlrairiage  will  be  iiocessary* 

Excision  of  the  hone  in  dilTieult  eases  wtm  the  usual   treat m<*iil 
few  years  nga  hut  at  t!ie  |nv.sent  time  there  seems  to  be  nu  excuse* 
for  this  procedure,  cxccj*!  in  tin-  mast  extreme  C2i»cjf.      In  old  un 
redueed  UixationK,  and  in  recent  ea>n*s  in  whieh   nccrasin  develojftl. 
in  tlif  astni^'aius  it  nmy  be  neecasary  to  excise  the  boue,  eith»-*r  eti-l 
tirely  or  in   jiart.     In   iiiNtaiiees   in   which  ankylostn  of  the   tibio- 
InrHal  JulienUdinu   fnllows  nuppuration  surprisingly  good   function. 
nuiy  be  r<*«1orcd  by  n  spotitauecMJs  im  rinnr  in  thi'  nnit'i-  at  ymlinn 
in  the  medio-tarBal  artieulation. 

After-Treatment.     In  fractures  uf  Iht^  astragalus  due  linic  should 
l)c  allovvrrl   iVu'  ftruper  nnum  of  tbc  fragiueuts.     It  iihould    lie  re- 
riiernhcred  iu  this  respect  that  the  strain  cutailed  in  urdirmry  walk- 
iujLr  is  eousiderable.  and  unh'ss  tile  ealhis  is  well  nssitlt*<I  and  aoliti, 
deforuuty  may  follow.     The  foot  sJunild  be  protected  from  weight 
hearing  until  two  niontlm  or  more  liavc  daitscd  from  tiic  time  of 
tbc  injury  and  even  then  function  should  be  only  gra<iually  re* 
surned.     Massage  and  early  passive  motion,  however,  are  eimt^niinl 
in  preventing  joint  adht^ftiona,  and  if  properly  employed,  suhjet't 
the  jiarts  to  very  slight  strain. 
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that  the  wound  be  closed  at  this  time,  even  at  the  expense  of  leaving 
some  adjoining  area  denuded.  If  suppuration  occurs  in  spite  of 
this  treatment  (and  it  rarely  does)  drainage  will  be  necessary. 

Excision  of  the  bone  in  diflBcult  cases  was  the  usual  treatment  a 
few  years  ago  but  at  the  present  time  there  seems  to  be  no  excuse 
for  this  procedure,  except  in  the  most  extreme  cases.  In  old  un- 
reduced luxations,  and  in  recent  cases  in  which  necrosis  develops 
in  the  astragalus  it  may  be  necessary  to  excise  the  bone,  either  en- 
tirely or  in  part.  In  instances  in  which  ankylosis  of  the  tibio- 
tarsal  articulation  follows  suppuration  surprisingly  good  function 
may  be  restored  by  a  spontaneous  increase  in  the  range  of  motion 
in  the  medio-tarsal  articulation. 

After-Treatment. — In  fractures  of  the  astragalus  due  time  should 
be  allowed  for  proper  union  of  the  fragments.  It  should  be  re- 
membered in  this  respect  that  the  strain  entailed  in  ordinary  walk- 
ing is  considerable,  and  unless  the  callus  is  well  ossified  and  solid, 
deformity  may  follow.  The  foot  should  be  protected  from  weight 
bearing  until  two  months  or  more  have  elapsed  from  the  time  of 
the  injury  and  even  then  function  should  be  only  gradually  re- 
sumed. Massage  and  early  passive  motion,  however,  are  essential 
in  preventing  joint  adhesions,  and  if  properly  employed,  subject 
the  parts  to  verj-  slight  strain. 

The  resumption  of  function  may  be  begun  at  the  end  of  four 
or  five  weeks  in  simple  luxations.  Complicating  fractures  of  ad- 
joining bones  modify  the  after-treatment  according  to  the  nature 
of  the  lesion. 

Prognosis. — In  simple  luxations  of  the  astragalus,  with  proper 
and  prompt  reduction,  we  may  look  for  practically  complete  res- 
toration of  function.  The  outlook  in  fractures  depends  on  the 
severity  of  the  lesion  and  is  not  generally  as  favorable  as  is  the 
case  in  simple  dislocations.  Recovery  is  slower  and  ultimately 
some  restriction  in  motion  may  exist.  Simple  transverse  fracture 
of  the  neck  is  usually  followed  by  better  results  than  is  usual  with 
fractures  of  the  body. 

In  instances  in  which  luxations  have  been  allowed  to  go  un- 
treated the  loss  of  function  and  deformity  are  usually  pronounced. 
Surprisingly  good  function,  however,  frequently  follows  complete 
removal  of  the  bone. 


CHAPTER  L. 
SUBASTRAGALAR  LUXATIONS. 

Surgical  Anatomy. — The  astragalus  rests  upon,  and  articulates 
with,  the  calcaneiim  by  two  facets  which  are  divided  by  a  deep 
grroove  for  the  attaelinieiit  of  the  heavy  interosiseoiis  lipranient. 
The  ealeaiieum  and  astragalus  are  direetly  bound  together  hy  the 
infernal,  external  and  posterior  ealetineo-afitragaloid  ligaments  anrt 
by  the  inti^roHseous  ligament.  Both  the  internal  and  external 
lateral  litjaitients  of  the  aoMe-joint  are  attaehed  below  to  the  eal- 
eaneuni  an  well  as  the  astragalus,  and  in  subastragalar  luxations 
either  of  the  malleoli  jiiay  be  broken  by  the  direet  pull  of  these 
ligaments.  The  relatively  low  position  of  the  external  malleolus 
exposes  it  to  fracture  by  direct  pressure  of  the  calcaneum  when  the 
luxation  is  outward.  The  only  ligament  passing  between  the  as- 
tragalus and  navieular  is  the  superior  astragalo-navieular  which  is 
thin  and  weak.  The  place  of  the  lower  ligament  is  taken  by  the 
caleaneo-navieular  ligament.  This  lignment,  hy  binding  the  cab 
caneum  to  th«'  navicular,  maintains  the  head  of  the  astragalus  in 
a  jT  posit  ion  with  the  navicidar. 

Tn  sn bast ragid a r  dislocations  the  caleaneum  may  be  displaeed 
irjward,  outward,  itaekward  or  forward.  Tiie  astragalus  remains 
in  position  in  the  tiiiio-iihular  mortise  while  the  hones  of  the  tarsna 
below  it  are  displaeid  as  a  whole.  The  most  common  luxation  is 
lateral,  oblique,  ineomidi^tc  and  often  eompoun*!.  The  diaplaee- 
ment  is  usually  more  comf>lete  in  the  posterior  subastragalar  joint 
tfiati  in  the  anterior.  The  head  of  the  astragalus  is,  as  a  nde,  com- 
pletely separated  from  the  navieular.  Ttiere  is  often  slight  back- 
ward displace) ucnt  aeeom pa ny in g  either  the  inward  or  outward 
luxation.  Forward  luxations  are  extremely  rare,  resembling  in 
this  respect  forward  dislocations  of  the  ankle-joint.  The  articula- 
tion between  the  head  of  tiie  astragalus  autl  the  navicular  is  almost 
invariably  broken  up  in  suhastrai^alar  luxations  regardless  of  the 
direct  ion  in  which  the  foot  is  displa<*ed. 

The  usual  subastragalar  luxation  is  the  resuU  of  forcible  inver- 
sion or  eversion  of  the  foot  and  not  infrri|uently  occurs  in  falls 
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on  the  foot.  This  type  of  vitilt^nr*'  is  much  more  Hkely  tu  produce 
fracture-luxations  of  the  ankle  iUnn  di.^loeations  of  the  subastra^a- 
liir  artieulatioii,  Fraeture  of  tlic  iieek  of  the  astrt^^ahis  is  a  corn- 
plication  whieh  has  been  recorded  in  a  number  of  ea?^e8. 

Symptoms. —  In  outward  luxations  the  sole  of  the  foot  looks  down- 
WHvd  and  outward  and  the  whoh^  foot  is  displaeed  laterally.     The 


Fig.  77S. 


Fig.   774, 

Figs,  778  and  774, — Cukc  of  bnekward  dif-lornlion  of  On?  r'nlfaneum  and  eieaphotd  on 
the  AAtTftgaliiK.  (BuL'kwmrU  thiibni4irii((a]»r  lu?calionJ  Th(»  cnlcaneu-uiiirniriiliir  ^nint  has 
bi?#n  diilocated  and  tlie  ftriirulaiion  bi-iwi**'!!  llit'  iiHtr&valuM  and  navtcnlar  has  Iwen 
entirely  broken  up.  Ttie  bead  of  thu  aHtriif^alua  is  ecn^n  presontinc  in  the  witund  wtlh 
the  tendon  of  the  tibialis  anlicris  lying:  inlernal  to  it.  R«,%iilt  of  jftyiinfr  down  an  elevator 
ftbftfl.  The  foot  below  the  &stragiilua  j»  diapbiced  backward.  Note  tho  pronjinenre  of 
ibe  hei'l. 


inner  malleolus  is  ahnoriually  prominent  and  the  head  of  the  as- 
tragalus may  hv  palpated.  The  malleoli  an»  in  nornial  relation 
with  eai?h  other  and  with  tlip  astragalus,  whieli  is  not  displaced 
with  the  foot     The  exttM-nal  malleolus  h  less  prominent  than  nor- 
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inal.  If  backward  displacement  of  the  foot  exists,  as  well  as  lateral, 
there  will  be  an  undue  prominence  of  the  heel  and  a  corresponding 
shortening  of  the  dorsum  of  the  foot. 

In  inward  luxations  the  reverse  deformity  is  seen.  The  sole  of 
the  foot  looks  downward  and  inward.  The  inner  border  is  raised 
and  more  concave  than  normal.  The  external  malleolus  is  unduly 
prominent.  The  head  of  the  astragalus  may  be  palpated  and  the 
scaphoid  may  be  felt  near  the  inner  malleolus.  The  whole  foot  is 
displaced  inward.  Antero-posterior  luxations  resemble  disloca- 
tions of  the  ankle  in  the  same  plane.  The  fact  that  the  astragalus, 
however,  remains  in  its  normal  relation  with  the  bones  of  the  leg 
causes  the  deformity  to  be  at  an  obviously  lower  level  than  that 
seen  in  dislocations  of  the  ankle. 

In  posterior  luxations  the  dorsum  of  the  foot  is  shortened  and 
the  heel  abnormally  prominent.  The  head  of  the  astragalus  pro- 
jects into  the  bend  of  the  ankle  and  may  be  readily  recognized  in 
this  position.  The  condition  may  be  com[)ound  as  shown  in  Figs. 
773  and  774. 

Anterior  luxations  are  extremely  rare.  The  heel  is  shortened 
and  the  dorsum  of  the  foot  lengthened.  Palpation  reveals  the 
astragalus  in  its  tibio-fibular  mortise. 

Diagnosis. — The  diagnosis  of  these  luxations  is  based  on  the 
characteristic  deformities  just  described.  If  the  swelling  is  in- 
tense it  may  be  difficult  to  recognize  the  exact  nature  of  the  de- 
formity. An  X-ray  is  of  the  greatest  value  in  ascertaining  the 
details  of  the  injury. 

Treatment. — There  is  seldom  mu(*h  diflficnilty  in  reducing  the 
deformity.  In  the  lateral  luxations  the  surgeon  secures  a  firm 
grasp  of  the  heel  with  one  hand  and  the  dorsum  of  the  foot  with 
the  other,  and  by  strong  traction  the  foot  is  brought  back  into 
position.  Counter-traction  will  usually  be  needed  and  should  be 
made  by  an  assistant,  above  the  ankle.  In  backward  luxations  for- 
ward traction  should  be  exerted  on  the  heel  while  the  leg  is  fixed. 
The  reverse  manipulation  is  performed  to  correct  anterior  lux- 
ations. The  parts  should  be  fixed  in  a  i)laster  cast  extending  from 
the  middle  of  the  leg  to  the  toes  and  cut  open  before  the  plaster 
has  dried. 

Operative  Treatment.— If  reduction  cannot  be  jxTformed  by 
manipulation,  open  incision  with  direct  reposition  of  the  displaced 
bones  should  be  performed. 
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After-Treatment. — Firm  union  of  the  lacerated  ligaments  will  be 
present  at  the  end  of  two  and  a  half  to  three  weeks.  Passive  motion 
should  be  begun  at  the  end  of  ten  days  but  the  patient  should  not 
be  allowed  to  bear  his  weight  on  the  foot  inside  of  three  weeks 
from  the  time  of  the  accident. 

Prognosis. — Tlie  loss  of  function  following  this  accident  is  very 
trivial  if  proper  reduction  of  the  displacement  has  been  accom- 
plished following  the  injury.  Like  dislocations  in  other  joints, 
the  too  early  use  of  the  parts  is  likely  to  be  followed  by  recurrence 
of  the  luxation  which  may  even  become  habitual. 


CHAPTER  LI. 

FRACTURES  AND  DISLOCATIONS  OP  THE 
CALCANEUM. 

Surgical  Anatomy. — Fracture  of  the  os  ealeis  is  a  fairly  common 
accident  but  isolated  luxations  of  this  bone  are  extremely  rare. 
The  internal  structure  of  the  bone  is  cancellated  while  the  surface 
is  composed,  for  the  most  part,  of  a  thin  layer  of  compact  tissue. 
The  surface  layer  is  heavier  on  the  external,  lateral  surface  of  the 
bone  than  elsewhere.  The  os  calcis  articulates  above  with  the 
astragalus  by  two  facets,  which  are  divided  by  a  deep  groove  for 
the  attachment  of  the  heavy  interosseous  ligament  binding  these 
two  bones  together.  The  anterior  extremity  of  the  calcaneum  ar- 
ticulates with  the  cuboid  which  in  turn  supports  the  fourth  and 
fifth  metatarsal  bones.  The  os  calcis  is  connected  by  ligaments 
with  the  astragalus,  cuboid,  navicular  and  to  the  second,  third  and 
fourth  metatarsal  bones.  A  number  of  the  intrinsic  muscles  of 
the  foot,  as  well  as  one  of  the  secondary  insertions  of  the  tibialis 
posticus,  are  attached  to  the  calcaneum  but  the  muscles  of  surgical 
importance  finding  attachment  on  this  bone  are  the  gastrocnemius 
and  soleus.  These  muscles  are  inserted  through  their  common 
tendon,  the  tendo  Achillis,  into  the  lower  part  of  the  posterior 
surface  of  the  bone.  The  fact  that  this  tendon  is  inserted  into  the 
lower  and  not  the  upper  part  of  the  posterior  surface  accounts  for 
the  peculiar  displacement  of  the  fragment  when  fracture  results 
from  muscular  action. 

A  small  anomalous  bone  (the  trigonum)  is  sometimes  present 
just  behind  the  posterior  subastragalar  joint,  and  if  one  is  not 
familiar  with  its  appearance  it  may  be  mistaken  for  a  fracture,  in 
interpreting  an  X-ray  plate  (see  Fig.  776).  The  os  calcis  is  ossi- 
fied by  two  centers :  one  for  the  main  portion  of  the  bone,  and  the 
other  for  the  epiphysis.  That  for  the  body  makes  its  appearance 
during  the  sixth  foetal  month.  The  center  for  the  epiphysis  is 
first  seen  during  the  tenth  year  and  joins  the  body  of  the  bone 
soon  after  puberty.  It  should  not  be  mistaken,  during  this  period, 
for  a  fracture  of  the  posterior  portion  of  the  bone. 
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outward  ms  w^ll  as  upward.  The  usual  break  k  produced  1^  a  foil 
from  a  Imghl  in  wkicli  the  patirnt  lands  on  the  fool.  There  is 
usually  morp  or  less  romnuauliofi  and  rrushuig  of  the  hone  below 
and  behind  the  aslngalus,  and  not  in&vqiieiilly  the  line  of  frac^ 
lure  enters  the  posterior  fltbastragalar  articulation.    Thk 
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minution  results  in  an  increase  in  the  width  of  the  bone.  Twisting 
of  the  foot  and  falls  on  the  foot  while  inverted  are  said  to  be  pro- 
ductive of  fractures  of  the  sustentaculum  tali. 

When  fracture  results  from  a  twist  of  the  foot  the  line  of  the 
break  is  more  clean  cut  and  the  deformity  is,  as  a  rule,  slight. 

"When  fracture  occurs  as  the  result  of  overaction  of  the  calf 
muscles  the  line  of  the  break  and  the  deformity  are  usually  charac- 
teristic. A  small  fragment  is  detached  from  the  posterior  portion 
of  the  bone  and  displaced  upward  by  the  j)ull  of  the  tendo  Achillis. 
The  upper  end  of  the  fragment  commonly  remains  in  contact  with 
the  body  of  the  calcaneum  while  the  lower  end  describes  an  arc 
upward  and  backward. 

Isolated  dislocation  of  the  calcaneum  is  an  extremely  rare  con- 
dition and  is  essentially  the  same  as  an  incomplete  subastragalar 
luxation.  The  bone  is  torn  away  from  its  attachments  to  the 
astragalus  and  cuboid  and  is  most  often  displaced  outward.  The 
symptoms  and  treatment  are  practically  the  same  as  that  given 
under  the  heading  of  "Subastragalar  Luxations/'  page  700. 

Symptoms. — The  i)atient  complains  of  pain  in  the  region  of  the 
injury  particularly  when  an  attempt  is  made  to  stand  on  the  foot. 
If  weight  is  placed  on  the  heel  the  direct  pressure  produces  suf- 
fering. If  the  weight  is  placed  on  the  ball  of  the  foot  the  action 
of  the  calf  muscles  will  i)ull  upward  on  the  calcaneum  and  the  at- 
tempt will  be  equally  painful.  Swelling  usually  develops  promptly 
following  the  accid(4it  and  is  noted  on  either  side  of  the  foot  below 
the  ankle,  especially  to  the  inner  side.  The  foot  often  gives  the 
appearance  of  fiat-foot.  The  heel  is  broadened,  elevated  and  often 
displaced  outward.  If  there  has  been  much  comminution  of  the 
calcaneum  its  width  will  be  incn^ased  and  the  outward  displace- 
ment of  the  ext(»rnal  wall  may  be  recognized  by  palpation  below 
the  external  malleolus.  Flexion  and  ext(»nsion  of  the  ankle  will 
be  free  but  lateral  motions  of  the  foot  involving  the  tarsal  joints 
will  be  restricted,  (\s])ecially  if  the  fracture  has  entered  the  pos- 
terior subastragalar  articulation  as  it  so  frecjuently  does.  Crepitus 
can  usually  be  elicited  by  manii)ulating  the  heel  but  it  is  never 
sharp  and  pronounced.  Tiiis  is  exi)lained  by  the  small  amount  of 
compact  tissue  in  the  calcaneum. 

In  luxations  of  the  calcaneum  the  lu»cl  is  displaced  as  a  whole, 
either  inward  or  outward.  There  is  abnormal  mobility,  no  crepitus 
and  no  upward  displacement  as  in  fracture. 
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Diagnosifl. — The  diagnosis  is  based  on  the  preceding  symptoms 
but  should  be  eontirmed  by  the  X-ray.  This  renders  the  diagnosis 
certain,  informs  the  surgeon  of  the  exact  nature  of  the  fracture 
and  discloses  complicating  injuries  of  adjoining  bones  when  they 
occur.  Notwithstanding  the  great  differences  in  the  symptoms  of 
the  two  conditions,  fracture  of  the  os  calcis  has  been  mistaken  for 
Pott's  fracture,  in  a  number  of  instances  of  which  the  author 
knows.  The  normal  positions  and  relations  of  the  malleoli  and 
the  i>osition  of  the  astragalus  in  the  tibio-fibular  mortise  should 
serve  to  differentiate  this  condition  from  lesions  higher  up.  Im- 
pacteti  fnictun*  of  the  os  i*alcis  may  be  quite  difficult  to  recog- 
nize without  the  aid  of  the  X-ray.  I  f  a  stereoscopic  Rontgenogram 
is  made  it  will  aid  the  surgi»on  materially  in  appreciating  the  de- 
formity. There  is  considerable  variation  in  the  normal  contours 
of  different  calcanea  and  it  is  therefore  advisable  to  have  a  i)late 
made  of  the  opi>osite  foot  for  the  sake  of  comparison. 

Treatment. — The  treatment  of  fracture  of  the  os  calcis  is  to 
immobilize'  the  foot  in  a  {H^sition  which  will  correct  the  deformity. 
Complete  plantar  flexion  of  the  foot  relieves,  to  a  large  extent,  the 
displacing  pull  of  the  calf  nuisc^les  inserted  through  the  tendo 
Achillis.  Fixation  is  usually  best  accomplishetl  by  means  of  a 
short,  well  padde<l,  plaster  stirrup.  While  the  plaster  is  Slotting 
the  surgf'on  should  hohl  the  l>one  in  nHluctiou:  this  can  1h»  done  by 
graspiiii;  the  heel  an<l  pulling  it  downward  and  slightly  inward. 
The  stirnip  is  moulded  tightly  alwut  the  tiMi<lo  Achillis  at  the  Iwick 
of  the  ankN*  and  when  the  plaster  is  firmly  s«*t  prevents  upward 
displart-nunt  of  the  posterior  I'ud  of  the  caleaiieum.  The  portion 
of  the  stirrup  passing  un«ler  the  foot  should  Ih»  so  moulded  that  it 
supports  the  ar«'h  of  the  foot.  Reduetion  and  fixation  can,  as  a 
rule,  be  siitisfaetorily  aeeompHshe<l  in  this  way.  If,  however,  the 
pull  of  the  ealf  inuseles  proves  gn^ater  than  can  be  overcome  by 
this  dressing  a  t»»notomy  of  the  tendo  Achillis  may  \ie  re<piiriMl  to 
prevent  reeurn'uee  of  deformity.  When  considerable  broadening 
of  the  (»aleaneuni  exists  as  a  result  of  crushing  of  the  bone  it  may 
hf  n»'rr*ssary  to  foree  the  sides  of  the  bone  toward  each  other  by 
lateral  pressure  beneath  the  malleoli.  If  the  surgeon  has  a  power- 
ful grip  this  may  Iv  aeeomplishe<l  manually.  An  anesthetic  should 
be  employed  to  iM>rrei't  the  deformity  and  apply  the  plaster  stirnip. 

Operative  Treatment— Aside  from  tenotomy  (which  is  rarely 
needt'd    operation  is  called  for  in  compound  cases,  and  in  instances 
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in  which  the  fragment  has  been  detached  and  displaced  upward  by 
the  pull  of  the  calf  muscles.  Compound  fracture  of  the  calcaneum 
is  to  be  treated  according  to  the  principles  laid  down  on  page  789. 
In  severe  crushing  injuries,  with  destruction  of  the  soft  tissues 
covering  the  calcaneum,  plastic  operations  and  skin  grafting  may 
be  called  for  to  cover  the  bone.  Necrosis  may  require  sequestrot- 
omy. 

If  a  fragment,  displaced  by  the  tendo  Achillis,  is  not  readily 
held  in  position  by  pads  (and  it  seldom  is),  operation  with  direct 
fixation  of  the  fragment  is  indicated.  Nailing  of  the  fragment  is 
not  advisable  because  of  the  soft  cancellous  tissue  in  which  the 
nail  must  be  placed.  A  small  mattress  suture,  preferably  of  silver 
wire,  is  probably  the  best  method  of  securing  the  fragment  in 
position. 

Outward  displacement  of  the  external  surface  of  the  bone  may 
give  rise  to  an  extremely  tender  point  below  the  outer  malleolus, 
when  the  patient  resumes  the  use  of  the  foot.  This  may  call  for 
removal,  by  chiseling,  of  the  portion  of  bone  impinging  against  the 
inner  side  of  the  malleolus.  The  formation  of  excessive  callus  in 
this  region  may  produce  the  same  symptoms  and  calls  for  similar 
treatment.  A  fragment  or  spicule  of  bone  projecting  into  the  sole 
may  render  walking  excessively  painful  and  calls  for  removal  of 
the  offending  portion  of  bone  after  the  diagnosis  has  been  con- 
firmed by  the  X-ray.  Union  with  extreme  deformity  may  be  fol- 
lowed by  such  pronounced  disturbances  in  function  that  operation 
is  demanded  for  the  relief  of  the  condition.  A  transverse  oste- 
otomy of  the  calcaneum  just  behind  its  articulation  with  the 
astragalus,  with  correction  of  the  deformity,  should  be  done. 

Operative  treatment  is  not  indicated  in  uncomplicated  luxations 
of  the  calcaneum. 

After-Treatment. — Union  takes  place  rapidly  in  the  calcaneum 
but  it  should  be  remembered  that  the  strain  imposed  on  the  bone 
in  walking  is  great,  and  unless  the  callus  is  solidly  ossified  sec- 
ondary deformity  may  develop. 

By  means  of  a  properly  applied  plaster  stirrup  the  foot  is  im- 
mobilized for  a  period  of  from  four  to  six  weeks.  Passive  motion 
and  gentle  massage  should  be  instituted  at  the  end  of  two  weeks. 
No  weight  should  be  borne  on  the  injured  foot  within  two  or  two 
and  a  half  months  and  the  resumption  of  function  should  be  grad- 
ual.    If  the   fracture  has  been  a  severe  one  this  time  may  be 
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CHAPTER  Lll. 

:\rEl)I()-TAKSAL  LUXATIONS. 

Surgical  Anatomy. — Luxations  sometimes,  though  rarely,  occur 
at  the  medio-tarsal  joint,  the  anterior  portion  of  the  foot  being 
more  or  less  conii)lett*ly  disphieed  from  the  posterior.  The  bones 
entering  into  the  articuhition  are  proximally  the  astragalus  and 
calcaneum,  and  distally  the  navicular  and  cuboid.  The  ligaments 
connecting  these  bones  are  very  powerful  and  the  articulation  is 
Siildom  broken  up  except  in  crushes  of  the  foot.  The  inner  portion 
of  this  joint  is  a  i)art  of  the  anterior  subastragalar  articulation. 
The  outer  part  of  the  joint  (the  calcaneo-cuboid)  has  a  separate 
synovial  cavity.  The  pliability  of  the  foot  depends  mainly  on  the 
subastragalar  and  medio-tarsal  articulations.  Luxations  of  the 
medio-tarsal  articulation  have  been  so  confounded  with  subastraga- 
lar luxations  that  only  a  few  of  the  reported  cases  can  be  con- 
sidered sufficiently  dependable  to  deserve  consideration.  Disloca- 
tion, uncomplicated  by  fracture,  rarely  if  ever  occurs.  The 
displacement  may  be  inward,  downward  or  outward.  Upward 
luxation  of  the  bones  probably  occurs  only  as  a  secondary  element 
in  outward  luxations.  In  most  of  the  casi^s  the  deformity  has 
resembled  that  of  an  inward  subastragalar  luxation.  The  anterior 
portion  of  the  foot  is  shortened,  the  inner  border  raised  and  more 
concave  than  normal.  The  calcaneum  is  not  deviated  as  in  sub- 
astragalar luxations.  Crepitus  is  usually  present  as  a  result  of 
complicating  fracture.  The  anterior  i)ortion  of  the  foot  is  abnor- 
mally mobile.  The  anterior  ends  of  the  calcaneum  and  astragalus 
produce  a  distinct  ridge  on  the  dorsum  of  the  foot. 

In  outward  luxations  the  foot  Ls  pronated  and  the  scai)hoi(l  and 
cuboid  slightly  raised. 

Treatment. — The  treatment  consists  in  reducing  the  luxation  and 
immobilizing  the  parts  sufficiently  long  to  allow  healing  of  the  liga- 
ments. Reduction  should  be  accomplished  by  oi)en  incision  if  non- 
operative  measures  fail.  The  treatment,  operative  treatment,  after- 
treatment  and  prognosis  are  similar  to  those  given  under  ** Sub- 
astragalar Luxations,'^  j)age  69i). 
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CHAPTER  LI  II. 

FRACTrHKS  AND  Ll'XATlONS  OF  THE   CUBOID, 
SiWlMlOU)  AND  CrNElFORMS. 

Surgical  Anatomy.— Tho  oiilmid  artioulatos  with  the  calcaneum 
postoriorly  aiul  to  the  inner  side  with  the  external  euneiform.  It 
8up|H)rts  the  outer  two  metatarsals  and  is  setMirely  held  in  position 
by  heavy  lipnnents  eonneeting  it  with  the  adjoining  bones.  Frac- 
ture of  the  euhoid  is  niU  an  uniH.>iunion  lesion,  especially  in  crushing 
injuries  of  the  fixtt,  but  isolated  luxation  of  tliis  bone  is  hardly 
mort»  tluui  a  sur^rii^al  anomaly.  Fraeture  usually  results  from  di- 
rect violence  to  tlie  doi*sum  of  the  fiwt  and  since  the  bone  is  prac- 
tically subcutaneous  the  condition  is  often  compound.  The  three 
cuneiforms  are  firmly  iHuinil  ti>Kether  and  to  the  surrounding  bones 
by  heavy  li|;aments  and  like  the  cultoid  are  rarely  luxated.  Prac- 
turi»  of  these  bones  is  usually  the  n»sult  of  direct  violence.  Cases 
of  partial  dis])lacements  of  the  navicular  and  cuneiforms  have  been 
rt^ported  but  the  mechanism  is  not  clear.  It  should  be  remembered 
that  the  tibialis  anticus  anil  tibialis  posticus,  two  powerful  mus- 
cles, tiiid  thfir  main  insertions  on  the  cuneiforms  and  navicular. 

The  cuboiii.  navicular  and  euneiforms  arc  all  composed  of  can- 
cellous tissue  internally,  uhile  the  surface  is  made  up  of  a  thin 
layer  ot"  eompact  bone.  They  are  tirmly  Inmnd  together  by  heavy 
ligaments  and  are  usually  fractured  by  direct  violence  to  the 
dorsum  of  the  foot.  The  soft  tissues  covering  the  dorsum  of  the 
foot  are  srant  auil  the  lesion  is  often  comjmund.  When  the  frac- 
ture is  iu»t  compound  fi-om  the  tii'st.  it  often  l>eiH)mes  so  later,  as  a 
result  of  slnuirhiug  of  the  integument  on  the  dorsum  of  the  foot. 

A  ^rushing  of  tin*  tai*siil  or  metatarsad  lH)ne:*  is  an  accident  not 
uneommonly  si»eii  among  railivad  employet*s.  The  foot  is  caught 
Ih-math  the  wlh'els  t)f  a  car  and  more  or  le.<«  severely  crusheil.  If 
the  train  is  moving  ^\ith  uuich  speed  the  foot  is  crushed  and  ampu- 
tatfd.  If  thf  rate  at  which  the  tniin  is  moving  is  slow  the  foot 
may  he  i)ushetl  aside  and  only  partially  crushed. 

Treatment.  -In   frartures  of  the  anterior  Iwnes  of  the  tarsus. 
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wliatinvr  di^forinity  is  pivsent  sliould  be  t'Orrwted  and  the  foot 
iniiiiobilized  on  a  pb>^t*"r  soIp  ns  shown  m  ¥'v^.  787*  Tins  splint 
should  extfnil  rroin  thr  luiddU*  of  the  leg  to  a  point  beyond  the 
toes.  A  plaster  r-ast  shonld  not  be  usvt]  sinee  seeondary  sloughing 
is  not  uneomnion  and  the  skin  on  the  clorsnin  of  the  foot  should  be 


¥lg*.  7~\i  iiiid  180, — CruBbiui;  injurU's  of  (etit  fiiiatuined  beneuLh  var^wheelA.  Onuh- 
iRK  clJKiirlitHbliiiii  tbrout^h  iHrso-uit'latarHal  joint.  In  itue  uppi^r  til»it«  (Fig.  77U)  xka 
l«iwer  Tioiiion  of  iht*  fmit  in  not  romplrti'ly  Hr^vorct]  th«iu|ch  the  tisauei  ire  so  thoroughly 
muni^M  thtU  thi^  eiiculatiun  is  «l**alroyetl  ntid  amiiutation  f»  neceuary.  In  the  lower 
|ilnlt<  (FiK'-  Tho)  the  luwi'r  porliori  of  tht^  foot  wuh  coDip1«leity  ««rer«d  aL  the  time  of 
Ihf    nrridt-iiJ, 

open  to  ins|jeetion  during  the  afti^r-treatment.  The  damage  to  the 
8ofl  tissnes  m  often  mure  iitiportaiit  tbau  tfve  fraetiire.  If  slough- 
ing occurs  the  parts  should  be  frequently  dressed  and  the  sloughing 
area  krpt  as  aseptie  a.s  [possible.  (I  rami  bit  ions  should  be  cultivated 
ami  stinuilated  by  balsani  of  I'eru  and  in  removing  the  dres^sings 
the   surgeon   should   avoid    injury   to   thesi-   delieatc   granulationB. 
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The  use  of  antiseptics  such  as  bichlorid  of  mercury  will  do  more 
harm  than  good.  While  healing  and  union  are  taking  place  the 
surgeon  should  see  to  it  that  the  plaster  sole  properly  maintains 
the  arch  of  the  foot. 

Operative  Treatment. — Operation  is  frequently  indicated  because 
the  fracture  is  compound  but  rarely  to  accomplish  reduction.  The 
treatment  of  compound  cases  is  the  same  in  fractures  of  these  bones 
as  has  already  been  indicated  under  the  heading  of  **The  Treat- 
ment of  Compound  Fractures''  on  page  789.  In  severe  crushes 
of  the  foot  immediate  amputation  is  not  infrequently  demanded. 

After-Treatment. — Tlie  lengtli  of  the  period  of  immobilization 
varies  greatly  with  the  severity  of  the  fracture  and  whether  or  not 
it  is  compound.  If  the  arch  of  the  foot  has  been  involved,  by  the 
fracture  or  luxation,  weight  should  not  be  borne  on  the  injured 
member  inside  of  six  weeks.  In  instances  in  which  this  has  not 
occurred  the  patient  may  begin  the  gradual  resumption  of  func- 
tion at  the  end  of  three  or  four  weeks.  If  sloughing  of  the  tissues 
on  the  dorsum  of  the  foot  takes  place  union  is  usually  delayed  and 
the  period  of  fixation  should  be  prolonged  accordingly. 

Prognosis. — In  severe  crushes  of  the  foot  amputation  may  be 
necessary.  In  instances  in  which  the  trauma  has  not  been  severe, 
with  little  displacement,  and  no  sloughing  of  the  soft  tissues,  com- 
plete restoration  of  function  is  the  rule.  Surprisingly  good  func- 
tion not  infrequently  follows  even  in  compound  cases  and  in 
instances  in  w^hieh  the  soft  tissues  have  sloughed. 


CHAPTER  LIV. 

TAliSO-:\IETATARSAL  LUXATIONS. 

Surgical  Anatomy. — The  articulation  between  the  distal  tarsals 
(three  cuneifornis  and  cuboid)  and  the  bases  of  the  five  metatar- 
sals is  firmly  supported  by  heavy  ligaments,  and  luxations  are 
rare.  Displacements  of  the  bases  of  the  metatarsals  may  occur, 
but  the  causative  trauma  is  more  likely  to  produce  fracture  in  this 
region.  The  anterior  end  of  the  long  plantar  ligament  is  attached 
to  the  bases  of  the  second,  third  and  fourth  metatarsals.  All  five 
metatarsals  may  be  luxated  as  a  row,  or  the  base  of  any  one  may 
be  dislocated  alone.  Tlie  displacement  is  almost  invariably  dorsal, 
so  that  the  base  of  the  metatarsal  may  be  palpated  on  the  dorsum 
of  the  foot.  Luxation  of  the  first  metatarsal  alone  is  the  most 
common  single  luxation.  The  dorsum  of  the  foot  is  slightly  short- 
ened. Divergent  luxations  have  been  noted  in  which  the  bases  of 
the  outer  metatarsals  are  displaced  outward,  while  the  inner  bones 
of  this  row  are  displaced  inw^ard. 

Symptoms. — The  dorsum  of  the  foot  is  slightly  shortened,  and  a 
little  more  i)rominent  than  normal.  Pain  is  experienced  in  walk- 
ing and  when  pressure  is  made  on  the  ball  of  the  foot  by  the  sur- 
geon. Oepitus  is  absent  unless  the  luxation  is  accompanied  by 
fracture,  which  is  not  uncommon.  If  the  foot  is  carefully  com- 
l)ared  with  the  opposite  foot  the  deformity  will  be  noted  at  the 
level  of  the  tarso-metatarsal  articulation.  Pressure  on  the  ball  of 
the  foot  may  incn^ase  the  deformity  on  the  dorsum,  as  tlie  corre- 
sponding metatarsal  is  displaced  upward  and  backward. 

Diagnosis. — If  swelling  is  pronounced  it  may  be  difficult  to  differ- 
entiate between  luxations  of  this  joint  and  fractures  of  the  ad- 
joining bones,  without  the  aid  of  the  X-ray.  AVhen  the  traumatic 
n»action  is  not  gn»at  the  landmarks  on  the  foot  will  serve  to  dis- 
close the  nature  and  pasition  of  the  lesion. 

Treatment. — Ti*action  on  the  foot  will  accomplish  reduction.  The 
foot  should  be  fixed  for  a  p(»riod  sufTiciently  long  to  allow  healing 
of  the  ligaments.  The  treatment  of  luxations  at  this  joint  is  simi- 
lar to  other  dislocations  in  the  tarsus. 
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Frartiire  of  thp  ralraneiim  may  result  from  falk  on  the  foot, 
from  rmiscular  coiilraelioii  and  from  forpihle  twisting  of  the  foot. 
The  fracture  may  be  transverse,  or  longitudinal,  and  not  infre- 
(]npntly  extpn.sive  oomminntion  of  the  hone  exists.  Any  portion 
of  tlu"  bone  may  W  firok^n  aiitl  thv  jin.sterior  part  is  often  displaced 


Fig.  775. 


Fig.    77o, 


Fig.  775. — ^Fmcture  of  cfttcuneuxn. 

Fijf,    776, — Anomalnu«  brrno  |»re(«f*nt    (the  tritft-mum )    wliit'h  miirht   ri*adil,v   l>*«  mittakpn 
for  «  fnctnr^, 


Fig.   777, — Fracture  of  c«ilr)ineitm. 


Fig,  778. — Fr»ri«r»  of  < 


outward  as  well  as  ni>ward.  The  usual  break  is  produced  by  a  fall 
from  a  height  in  whieh  the  patient  lands  on  the  foot.  There  is 
usually  more  or  h\ss  eominiTuUion  and  crushing  of  the  bone  below 
and  behind  the  astragalus,  imd  not  infrequently  the  line  of  frae- 
ture   enters   the   posterior  subastragalar   articulation.     This   com- 
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minution  results  in  an  increase  in  the  width  of  the  bone.  Twisting 
of  the  foot  and  falls  on  the  foot  while  inverted  are  said  to  be  pro- 
ductive of  fractures  of  the  sustentaculum  tali. 

When  fracture  results  from  a  twist  of  the  foot  the  line  of  the 
break  is  more  clean  cut  and  the  deformity  is,  as  a  rule,  slight. 

When  fracture  occurs  as  the  result  of  overaction  of  the  calf 
muscles  the  line  of  the  break  and  the  deformity  are  usually  charac- 
teristic. A  small  fragment  is  detached  from  the  posterior  portion 
of  the  bone  and  displaced  upward  by  the  pull  of  the  tendo  Achillis. 
The  upper  end  of  the  fragment  commonly  remains  in  contact  with 
the  body  of  the  calcaneum  while  the  lower  end  describes  an  arc 
upward  and  backward. 

Isolated  dislocation  of  the  calcaneum  is  an  extremely  rare  con- 
dition and  is  essentially  the  same  as  an  incomplete  subastragalar 
luxation.  The  bone  is  torn  away  from  its  attachments  to  the 
astragalus  and  cuboid  and  is  most  often  displaced  outward.  The 
symptoms  and  treatment  are  practically  the  same  as  that  given 
under  the  heading  of  *^ Subastragalar  Luxations/^  page  700. 

Symptoms. — The  patient  complains  of  pain  in  the  region  of  the 
injury  particularly  when  an  attempt  is  made  to  stand  on  the  foot. 
If  weight  is  placed  on  the  heel  the  direct  pressure  produces  suf- 
fering. If  the  weight  is  placed  on  the  ball  of  the  foot  the  action 
of  the  calf  muscles  will  pull  upward  on  the  calcaneum  and  the  at- 
tempt will  be  equally  painful.  Swelling  usually  develops  promptly 
following  the  accident  and  is  noted  on  either  side  of  the  foot  below 
the  ankle,  especially  to  the  inner  side.  The  foot  often  gives  the 
appearance  of  flat-foot.  The  heel  is  broadened,  elevated  and  often 
displaced  outward.  If  there  has  been  much  comminution  of  the 
calcaneum  its  width  will  be  increased  and  the  outward  displace- 
ment of  the  external  wall  may  be  recojrnized  by  palpation  below 
the  external  malleolus.  Flexion  and  extension  of  the  ankle  will 
be  free  but  lateral  motions  of  the  foot  involving  the  tarsal  joints 
will  be  restricted,  esi)ecially  if  the  fracture  has  entered  the  pos- 
terior subastragalar  articulation  as  it  so  frequently  does.  Crepitus 
can  usually  be  elicited  by  manipulating  the  heel  but  it  is  never 
sharp  and  pronounced.  This  is  exi)lained  by  the  small  amount  of 
compact  tissue  in  the  calcaneum. 

In  luxations  of  the  calcaneum  the  heel  is  displaced  as  a  whole, 
either  inward  or  outward.  There  is  abnormal  mobility,  no  crepitus 
and  no  upward  displacement  as  in  fracture. 
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in  whieh  the  fm^nie!it  has  been  ilct ached  and  disphteed  upward  by 
the  pull  of  the  ealf  inuseles.  Compound  fraeture  of  the  cak-aneuui 
is  t€  be  treated  aeeording  to  tlie  priuciplrs  laid  dowu  on  page  78!). 
In  severe  cru^shitig  injuries,  with  destruction  of  the  soft  tissues 
eovering  the  ealeaneiini,  plastic  operations  and  skin  grafting  may 
be  called  for  to  eovcr  the  boutt.  Necrosis  may  require  wqucstrot- 
oniy. 

If  a  fragnicut,  displaced  by  the  teudo  Aehillis,  is  not  readily 
held  in  position  by  pads  (and  it  seldom  is),  operation  with  dirt^ct 
tixation  of  the  fragment  is  indicated.  Nailing  of  the  fragment  ia 
not  advisable  because  of  the  soft  cancellous  tissue  in  which  the 
nail  nuist  be  placed.  A  small  mat  tress  suture,  prcferalily  of  silver 
wire,  is  probably  the  best  method  of  securing  the  fragmeid  in 
position. 

Outward  displacement  of  the  external  surface  of  tlic  bone  may 
give  rise  to  an  extremely  tender  point  below  the  outer  malleolus, 
when  the  patient  resumes  the  use  of  the  foot.  This  may  call  for 
rcjjioval,  by  chiseling,  of  th*^  f»ortion  of  bone  im{iiMging  against  the 
itnicr  side  of  the  malleolus.  The  formation  of  excessive  callus  in 
this  region  may  pro*lucc  the  same  symptoms  and  calls  for  similar 
treatment.  A  fraguient  or  spicule  of  bone  jirojecting  into  the  sole 
may  render  walking  exeemvely  painful  anil  calls  for  removal  of 
the  offending  portion  of  bone  after  the  diagnosis  has  been  con- 
firmed by  the  X-ray.  ITnion  with  extreme  deformity  may  be  fol- 
lowed by  such  pronounced  disturbances  in  function  that  operation 
ia  demanded  for  flie  relief  of  the  condition.  A  transverse  oste- 
otomy of  the  caleaneum  just  behind  its  iirticulation  with  the 
astragalus,  with  correetiou  of  the  deformity,  should  be  done. 

Operative  treatment  is  not  indicated  in  uncomplicated  luxations 
of  tlie  <'alcan*  urn. 

After-Treatment. — llninn  takes  plai'c  rapidly  in  the  caleaneum 
but  it  shouhi  Ih'  rcmcmbt^rcd  tlmt  the  straiii  imfHJsed  on  the  bone 
in  walking  is  great,  and  unless  the  callus  is  solidly  ossitied  se*-- 
ondary  deformity  may  develops 

By  iTU'ans  of  a  properly  ap|>licd  plaster  stirnqi  the  foot  is  im- 
mobilized for  a  ])erio<l  of  from  four  to  six  weeks.  Passive  motion 
and  gentle  massage  should  be  instituted  at  the  end  of  two  weeks. 
No  weight  should  be  borne  on  the  injun^d  foot  within  two  or  two 
and  a  half  montlis  and  the  resmnption  of  fmu'tion  should  In-  grad- 
ual.     If   the    fracture   has  been   a  severe  one   this  time    may    he 
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increased.  Secondary  upward  displacement  of  the  heel  and  the 
development  of  static  flat-foot  are  the  results  of  too  early  use  of 
the  foot  in  walking.  Free  active  and  passive  motion  are  of  advan- 
tage in  the  treatment  of  the  case  many  weeks  before  it  is  safe  to 
allow  the  full  weight  to  be  borne  on  the  injured  member.  In  cases 
in  which  the  calcaneum  has  united  in  deformity  a  pad  may  be 
worn  in  the  shoe  beneath  the  heel  and  will  often  afford  great  com- 
fort. In  instances  in  which  traumatic  flat-foot  occurs  arches  may 
be  worn  wuthin  the  shoe  to  support  the  inner  side  of  the  foot. 
These  measures,  however,  are  poor  substitutes  for  union  with  the 
fragments  in  proper  position,  and  will  seldom  be  needed  if  the 
deformity  has  been  properly  corrected  and  held  in  reduction  fol- 
lowing the  injury. 

Prognosis. — With  i)roper  treatment  uncomplicated  fracture  of 
the  08  calcis  should  be  followed  by  fair  restoration  of  function. 
The  most  important  sequelas  are :  flat-foot,  restriction  of  motion  in 
the  subastragalar  articulation,  metatarsalgia,  pain  beneath  the 
outer  malleolus,  and  painful  heel  caused  by  a  projecting  fragment. 
The  more  perfectly  the  deformity  is  corrected  following  the  acci- 
dent the  less  the  probability  of  these  annoying  and  disabling: 
sequelje.  Occasionally,  however,  a  case  is  seen  in  which  the  most 
perfect  reduc^tion  and  painstaking  after-treatment  have  been  car- 
ried out  and  yet  there  is  considerable  disturbance  in  function  as  a 
result  of  one  or  more  of  these  conditions.  Flat-foot  may  be  treated 
by  means  of  arches  within  the  shoe  or  if  severe  an  osteotomy  of  the 
calcaneum  may  be  performed  and  is  usually  followed  by  pro- 
nounced improvement.  The  motion  in  the  subastragalar  articu- 
lation may  be  increased  by  forcible  passive  motion  under  anesthesia, 
which  may  be  repeated  many  times  if  necessary.  Metatarsalgia  is 
a  result  of  flat-foot  and  will  pass  off  with  removal  of  the  cause. 
Pain  beneath  the  outer  malleolus  is  relieved  by  removing  the  por- 
tion of  bone  causin*^  the  pressure.  Removal  of  spurs  on  the  under 
surface  of  the  calcaneum  will  be  followed  by  prompt  and  complete 
relief.  Considering  the  causes  of  disturbed  function  and  the  pos- 
sibility of  relief  the  prognosis  is  not  so  bad  provided  the  patient 
is  willing  to  submit  to  the  necessary  corrective  measures. 


CHAPTER  Lll. 
MP]DI()-TARSAL  LUXATIONS. 

Surgical  Anatomy. — Luxations  sonietiines,  though  rarely,  occur 
at  the  medio-tarsal  joint,  the  anterior  portion  of  the  foot  being 
more  or  less  completely  displaced  from  the  posterior.  The  bones 
entering  into  the  articulation  are  proximally  the  astragalus  and 
calcaneum,  and  distally  the  navicular  and  cuboid.  The  ligaments 
connecting  thesti  bones  are  very  powerful  and  the  articulation  is 
seldom  broken  up  except  in  crushes  of  the  foot.  The  inner  portion 
of  this  joint  is  a  part  of  the  anterior  subastragalar  articulation. 
The  outer  part  of  the  joint  (the  calcaneo-cuboid)  has  a  separate 
synovial  cavity.  The  pliability  of  the  foot  depends  mainly  on  the 
subastragalar  and  medio-tarsal  articulations.  Luxations  of  the 
medio-tarsal  articulation  have  been  so  confounded  with  subastraga- 
lar luxations  that  only  a  few  of  the  reported  cases  can  be  con- 
sidered sufficiently  dependable  to  deserve  consideration.  Disloca- 
tion, uncomplicated  by  fracture,  rarely  if  ever  occuY's.  The 
displacement  may  be  inward,  downward  or  outward.  Upward 
luxation  of  the  bones  probably  occurs  only  as  a  secondary  element 
in  outward  luxations.  In  most  of  tlu*  cas(»s  the  deformity  has 
resembled  that  of  an  inward  subastragalar  luxation.  The  anterior 
portion  of  the  foot  is  shortened,  the  inner  border  raised  and  more 
concave  than  normal.  The  calcaneum  is  not  deviated  as  in  sub- 
astragalar luxations.  Oepitus  is  usually  present  as  a  result  of 
complicating  fracture.  The  anterior  portion  of  the  foot  is  abnor- 
mally mobile.  The  anterior  ends  of  the  calcaneiun  and  astragalus 
l)roduce  a  distinct  ridge  on  the  dorsum  of  the  foot. 

In  outward  luxations  the  foot  is  i)ronated  and  the  scaphoid  and 
cuboid  slightly  raised. 

Treatment. — The  treatment  consists  in  reducing  the  luxation  and 
immobilizing  the  parts  sufficiently  long  to  allow  healing  of  the  liga- 
ments. Reduction  should  be  accomplished  by  open  incision  if  non- 
operative  measures  fail.  The  treatment,  operative  treatment,  after- 
treatment  and  prognosis  are  similar  to  those  given  under  **  Sub- 
astragalar Luxations,'*  page  691). 
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CHAPTER  LIII. 

FRACTURES  AND  LUXATIONS  OP  THE   CUBOID, 
SCAPHOID  AND  CUNEIFORMS. 

Surgical  Anatomy. — The  cuboid  articulates  with  the  calcaneum 
posteriorly  and  to  the  inner  side  with  the  external  cuneiform.  It 
supports  the  outer  two  metatarsals  and  is  sei*urely  held  in  position 
by  heavy  ligaments  connecting  it  with  the  adjoining  bones.  Frac- 
ture of  the  cuboid  is  not  an  uncommon  lesion,  especially  in  crushing 
injuries  of  the  foot,  but  isolated  luxation  of  this  bone  is  hardly 
more  than  a  surgical  anomaly.  Fracture  usually  results  from  di- 
rect violence  to  the  dorsum  of  the  foot  and  since  the  bone  is  prac- 
tically subcutaneous  the  condition  is  often  compound.  The  three 
cuneiforms  are  firmly  bound  together  and  to  the  surrounding  bones 
by  heavy  ligaments  and  like  the  cuboid  are  rarely  luxated.  Frac- 
ture of  these  bones  is  usually  the  result  of  direct  violence.  Cases 
of  partial  displacements  of  the  navicular  and  cuneiforms  have  been 
reported  but  the  mechanism  is  not  clear.  It  should  be  remembered 
that  the  tibialis  anticus  and  tibialis  posticus,  two  powerful  mus- 
cles, find  their  main  insertions  on  the  cuneiforms  and  navicular. 

The  cuboid,  navicular  and  cuneiforms  are  all  composed  of  can- 
cellous tissue  internally,  while  the  surface  is  made  up  of  a  thin 
layer  of  compact  hone.  They  are  firmly  bound  together  by  heavy 
ligaments  and  are  usually  fractured  by  direct  violence  to  the 
dorsum  of  the  foot.  The  soft  tissues  covering  the  dorsum  of  the 
foot  are  scant  and  the  lesion  is  often  compound.  When  the  frac- 
ture is  not  compound  from  the  first,  it  often  becomes  so  later,  as  a 
result  of  sloughing  of  the  integument  on  the  dorsum  of  the  foot. 

A  crushing  of  the  tarsal  or  metatareal  bones  is  an  accident  not 
uneonunonly  seen  among  railroad  employees.  The  foot  is  caught 
beneath  the  wheels  of  a  car  and  more  or  less  severely  crushed.  If 
the  train  is  moving  with  nmch  speed  the  foot  is  crushed  and  ampu- 
tated. If  tlie  rate  at  which  the  train  is  moving  is  slow  the  foot 
may  l)e  pushed  aside  and  only  partially  crushed. 

Treatment. —  In  fractures  of  the  anterior  bones  of  the  tarsus, 
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whati^vt'i"  dt^orniity  is  j> resent  slioiiltl  be  corrected  and  the  foot 
iminobili/^d  on  a  plaster  sole  as  shown  in  Fi^.  787.  This  splint 
should  extend  from  the  middle  of  the  leg  to  a  point  beyond  the 
toes.  A  }>bsster  ejint  *shordd  not  be  iisetl  sinee  seeond*iry  sloughing 
is  not  nneoiTitiion  aN<l  the  skin  on  the  dorsum  of  the  foot  should  be 


^ 


Flir.    iHi.K 

Fi^.  119  ftfirl  7H0.^Cni»hiiiif  injuries  of  fi'ct  suntnined  bcueaih  earwheels.  Criigh- 
tng  dinnrtinilulioit  tlirouKh  tiirHo-iiiPiuMir!«4il  juiiiL  In  Oie  uppiT  pltiit'  {Vi^.  IIM)  Oie 
ttiwiT  porlici'n  cif  thi*  fcKit  iet  tioL  iMjin|p'1i«ti*i1>'  »evf>'re4  tlitiuiicU  Oie  liHMiiirH  iir<»  »o  ihorouglily 
riiHutrU'd  Ihwt  the  circul&lion  i*  il^?^^rtJly<*d  ttiid  muputAtit^ti  {h  uiH-eRsnry.  In  the  let  wit 
|ilnt«^  (Fitf.  7Ho;>  till*  low»«r  inprlion  of  the  loot  Wii»  efnaplcUdy  lievered  al  t-lii*  tiini'  of 
Ott»   ii4'cid'(*iit» 

ot»en  to  ins])ertion  during  the  after-treatment.  The  damage  to  the 
soft  tissues  is  often  more  important  thari  the  fracture.  If  slough- 
ing oeeur»  the  parts  should  be  frequently  dressed  and  the  sloughing 
area  kept  as  nsefitie  a.s  possible,  (iraimhitituus  should  be  cultivated 
and  Htiundaled  by  Imlsam  of  IVru  and  in  removing  the  dressings 
th«*   surgeon    should    avoid    injury    to   these   deliciite   grauidations. 


CHAPTER  LIV. 

TARSO-]\IETATARSAL  LUXATIONS. 

Surgical  Anatomy. — The  articulation  between  the  distal  tarsals 
(three  cuneiforms  and  cuboid)  and  the  bases  of  the  five  metatar- 
sals is  firmly  supported  by  heavy  ligaments,  and  luxations  are 
rare.  Displacements  of  the  bases  of  the  metatarsals  may  occur, 
but  the  causative  trauma  is  more  likely  to  produce  fracture  in  this 
region.  The  anterior  end  of  the  long  plantar  ligament  is  attached 
to  the  bases  of  the  second,  third  and  fourth  metatarsals.  All  five 
metatarsals  may  be  luxated  as  a  row,  or  the  base  of  any  one  may 
be  dislocat^^d  alone.  The  displacement  is  almost  invariably  dorsal, 
so  that  the  base  of  the  metatarsal  may  be  palpated  on  the  dorsum 
of  the  foot.  Luxation  of  the  first  metatarsal  alone  is  the  most 
common  single  luxation.  The  dorsum  of  the  foot  is  slightly  short- 
ened. Divergent  luxations  have  been  noted  in  which  the  bases  of 
the  outer  metatarsals  are  displaced  outward,  while  the  inner  bones 
of  this  row  are  displac(»d  inward. 

Symptoms. — The  doi^sum  of  the  foot  is  slightly  shortened,  and  a 
little  more  prominent  than  nornuil.  Pain  is  experienced  in  walk- 
ing and  when  pressure  is  made  on  the  ball  of  the  foot  by  the  sur- 
geon. Crepitus  is  absent  unless  the  luxation  is  accompanied  by 
fracture,  which  is  not  uncommon.  If  the  foot  is  carefully  com- 
pared with  the  opposite  foot  the  deformity  will  be  noted  at  the 
level  of  the  tarso-metatarstil  articulation.  l*ressure  on  the  ball  of 
the  foot  may  increase  tlie  deformity  on  the  dorsum,  as  the  corre- 
sponding metatarsal  is  displaced  upward  and  backward. 

Diagnosis. — If  swelling  is  pronounced  it  may  be  difficult  to  differ- 
entiate between  luxations  of  this  joint  and  fractures  of  the  ad- 
joining bones,  without  tlie  aid  of  the  X-ray.  When  the  traumatic 
redaction  is  not  great  the  landmarks  on  the  foot  will  serve  to  dis- 
close the  nature  and  position  of  the  lesion. 

Treatment. — Traction  on  the  foot  will  accomplish  reduction.  The 
foot  should  be  fixed  for  a  period  sufficiently  long  to  allow  healing 
of  the  ligaments.  The  treatment  of  luxations  at  this  joint  is  simi- 
lar to  other  dislocations  in  the  tarsus. 
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Fractures  of  the  metatarsals  are  almost  invariably  the  result  of 
direet  blows  find  are  frequently  seen  in  crushes  of  the  foot.  Frac- 
ture from  indireet  violeuee  does,  however,  oeeasionally  oceur,  espe- 
cially of  the  first  and  iifth.     A  misstep  or  twist  of  the  foot  may 


Fig.  791. 


Y\f,  782. 
Fig*.    ^H^i    wikI    782, — Show    frrtiture*   «f   the   ba^ii*    of    iIk-    flflh    rnHninrAiil^. 

produce  fracture  of  one  <if  the  metatarsals.  The  injury  \ms  heen 
noterl  in  soldiers  at  the  end  of  lon^,  forced  marches,  Tfie  hase  of 
tlie  fifth  metatarsal  is  prominent,  and  falls  on  the  foot,  witli  the 
member    inverted,    not    uncommonly    result    in    fracture    of    the 
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proximal  portion  of  lliis  lioiio.  Fmclnro  of  tho  metatfirKals  is  not, 
as  a  rule,  act'ompaiut'il  by  impactiou  and  displae^-mc^iit,  as  is  the 
ease  whoii  the  Tiietaearpals  are  broken. 


Fir   783. 


Fir.  784. 


Pig,   783, — Oblique   fmcturi*   of   the  *hjilt   of    the   flftb   RieUI«r«at 
Fig.  T84. — Prartare  of  the  Kii»s  of  tli«  fifth  metamrs&l. 


Fir  y^ 

tttrw  in«v   U 
Fir  TUT, 


nd   crTishinft   injnrr    of  metacarpiit   in   whieh   eijchi    duilinri    (rnc 
lU»iiU  of  eight-tan  girder  falling  on  foot.     Sune  c«««  i^*  ch.>vrii    in 


Symptoms.^The  symptoms  Tary  greatly  with  the  severity  of  the 
injury.  In  eases  produced  by  comparatively  slight  trauma,  and 
ID  those  due  to  muscular  action  the  symptoms  will  be  moderate 


l^iK.  787. — CruBhinit  itijin  >    >ii    Lh.     i  'II  nn   the  foot  m  ii 

wiin    rpnting   f»n    the  ihIso  nf    u   i  ni  l»,    imh.hm  nn;    ^iwn    n* -    mi    e1ii>   m«t*rnrpml  TMne^n, 

1^*4'-  X  r«j%  Fiy.  Ti^ii.)  Tho  wound  •i»i*ti  in  ttn'  v'"^*'  ri'>«ulHHi  horn  Hub««M]iH!»nt  lilaiiiih' 
ififf  Jill*!  \t  WH!*  iiuAMiMi^  Rt  oni"  iimr  Ici  jipt»  fotjr  of  tlic  frnctnnrs  of  lUit'  fni^lAhirniiilis.  W^an4 
hf^alffl  hy  ru'tivfttiofi  o(  f^rntmlatuni  Un»ms  rwlbfr  thmri  toitentiAn  la  iiiilia«p«iif>  EeftuH: 
nni<«n  im  nit  \h<^  frftcturr**  with  vlosuro  of  1ti«*  wound  and  prrfj'ct  rf»rnvery  of  function, 
rnliritt   walks   withuiit   liTiii>. 


frHi*1tin'S  prosrnl  nrr  mily  nf  KccenKlary  iiiiiH»r1juHM»  as  eoinparecl 
with  th*'  ilania^'e  ihnw  to  tho  Nuft  jisirts.  Sloufrfnnfr  of  the  tissues 
on  tlie  (lorsimi  of  the  foot  is  iiol  itri  imcfHiirnori  s*^<|\h^l  wlien  the 
causative  tnninia   lias  beeii  s<nere  aiul  direet.     In  crushes  of  the 
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foot  there  will,  of  course,  be  complete  loss  of  function.  In  simple 
cases  pain,  tenderness,  swelling,  crepitus  and  abnormal  mobility 
will  be  present.  The  suffering  is  increased  if  the  patient  attempts 
to  stand  on  the  foot,  and  in  some  instances  the  fragments  may  be 
heard  grating  against  one  another  as  the  attempt  is  made.  De- 
formity is  rarely  pronounced.  In  one  exceptional  compound  case 
seen  by  the  author  there  was  a  fracture  of  the  shaft  of  the  first 
metatarsal,  a  little  below  the  middle,  and  the  distal  fragment  was 
turned  completely  around  on  a  transverse  axis,  so  that  the  articular 
end  rested  against  the  distal  end  of  the  proximal  fragment. 

Diagnosis. — There  is  usually  little  difficulty  in  recognizing  a  frac- 
ture of  one  or  more  of  these  bones.  Their  dorsal  surfaces  are 
practically  subcutaneous,  and  if  the  case  is  seen  early  much  can 
be  learned  by  direct  palpation.  If  the  swelling  and  traumatic 
reaction  are  well  advanced  before  the  surgeon  is  called,  the  parts 
may  be  exquisitely  tender,  and  under  such  circumstances  it  is 
preferable  to  determine  the  presence  of  fracture  by  the  use  of  the 
X-ray,  rather  than  to  administer  an  anesthetic  and  establish  the 
diagnosis  by  palpation  and  manipulation. 

If  pressure  is  made  on  the  ball  of  the  foot  (between  the  toes  and 
the  ball)  and  toward  the  base  of  the  bone  (that  is,  in  the  direction 
of  the  axis  of  the  metatarsal)  pain  may  be  produced  at  the  seat  of 
fracture  in  the  corresponding  bone.  Pressure  should  be  made  in 
this  way  over  the  head  of  each  metatarsal. 

Treatment. — The  foot  should  be  placed  on  a  plaster  sole  which  is 
moulded  so  that  it  properly  supports  the  arch  of  the  foot.  This 
splint  should  extend  from  the  middle  of  tlie  leg  to  a  point  beyond 
the?*  toes.  Traumatic  reaction  should  be  controlled  by  the  inter- 
mittent application  of  the  ice  cap,  and  by  keeping  the  foot  in  tlie 
elevated  position.  If  deformity  exists  it  should  be  corrected  be- 
fore the  plaster  sole  is  applied. 

Operative  Treatment. — Compound  cases  are  common  and  the 
operative  treatment  in  these  cases  is  practically  the  same  as  that 
given  on  page  712  under  *' Fractures  and  Dislocations  of  the 
(^uboid.  Scaphoid  and  Cuneiforms/'  Open  treatment  to  correct 
(icforniity  in  simple  cases  is  practically  never  indicated. 

After-Treatment. — Union  takes  place  in  simple  cases  in  three  to 
four  weeks.  Weight  bearing  should  l)e  only  gradually  resumed, 
since  ventral  bowing  may  occur  if  tlie  first  metatarsal  alone  or 
more  than  one  of  the  other  metatarsals  has  been  broken,  and  the 
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patient  walks  too  soon.  Hot  applications,  passive  motion  and  mas- 
sage will  hasten  the  time  when  the  patient  will  be  able  to  enjoy 
free  use  of  the  foot. 

Prognosis. — The  severity  of  these  lesions  varies  greatly,  and  ac- 
cordingly the  outlook  will  depend  on  the  amount  of  damage  done. 
Simple,  uncomplicated  injuries  should  be  followed  by  complete 
restoration  of  function.  Severe  crushing  injuries  may  require  im- 
mediate amputation. 


CHAPTER  LVI. 

PRACTrRES  AND  LUXATIONS  OP  THE  PHALANGES. 

Surgical  Anatomy. — The  structure  of  the  bones  of  the  toes  is 
similar  to  that  found  in  the  fingers.  The  toes  may  be  broken  in 
cnishes  of  the  foot,  and  renemble  the  condition  as  oeeurring  in  the 
metatarsals.  The  toes  are  praotically  always  broken  by  direct  vio- 
lence. The  accid(»nt  is  common  among  lalwrcrs  and  rcijults  from 
heavy  objects  being  dropped  on  the  foot.  A  not  uncommon  form 
of  injury  is  one  in  which  the  toes  are  caught  in  a  moving  elevator. 
The  great  tO(»  usually  suffers  most  and  the  crushing  of  the  parts 
is  w^ven*  when  produced  in  this  way.  Stubbing  of  the  toes  against 
some  projecting  object,  while  the  patient  is  barefooted,  is  fre- 
quently responsible  for  fracture  of  one  or  more  of  the  phalanges, 
especially  that  of  the  little  toe.  Luxations  of  the  toes  are  rare  and 
resemble  tliose  seen  in  the  fingers. 

Symptoms. — The  amount  of  disability  is  almost  entirely  de- 
pendent on  the  severity  of  the  causative  trauma.  In  simpb*  frac- 
ture of  the  little  toe  the  patient  is  usually  able  to  get  about  with 
little  <lifliculty  although  pain  may  be  severe  inunediately  following 
the  accident.  On  the  other  hand  severe  crushing  injuries,  such  as 
suKtaine<l  in  the  usual  elevator  accident,  (completely  disable  the  pa- 
tient. Crepitus,  pain  and  swelling  are  present.  Crepitus  may  be 
difficult  to  eli<*it  if  the  fracture  is  in  the  distal  phalanx,  because  of 
the  .splinting  effect  of  tlu*  nail. 

Treatment.  The  parts  should  be  iminobilized  on  a  plantar  splint. 
The  <iisi)lacenient  is  usually  moderate  and  can  be  corrected  without 
difficulty.  In  fractures  of  the  great  toe  the  patient  should  hv  pre- 
vent (m1  from  b(»aring  weight  on  the  foot  until  union  is  solid.  In 
fracture  of  the  smaller  toes  the  patient  may  be  allowed  about  as 
s(M)n  as  the  traumatic  reaction  has  subsided.  The  great  toe  is  an 
important  factor  in  walking  but  the  lesser  toes  have  little  to  do 
with  the  usefulness  of  the  foot.  Tf  fibrous  union  takes  place  in 
one  of  the  smaller  toes  there  will  be  no  subsequent  disturbance  in 
function.     When  the  little  toe  alone  is  fractured  it  wuU  usually 
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not  be  necessary  to  employ  a  splint  in  the  treatment  of  the  condi- 
tion. If  cotton  is  placed  between  the  little  toe  and  the  adjoining 
digit,  and  the  injured  toe  strapped  in  position  with  adhesive,  the 
necessary  immobilization  will  have  been  accomplished.  In  com- 
pound, crushing  injuries  the  important  element  is  the  damage  done 
to  the  soft  tissues,  and  the  case  must  be  treated  accordingly.  Gan- 
grene may  develop  in  one  or  more  of  the  toes  if  the  crushing  has 
been  severe,  and  amputation  may  be  necessary. 

Prognosis. — In  simple  uncomplicated  cases  the  prognosis  is  good. 
If  the  accident  results  in  the  loss  of  the  great  toe  there  may  be  a 
limp,  more  or  less  noticeable  in  the  patient's  gait. 


PART  IV. 
SPECIAL  SUBJECTS. 


CHAPTER  LVII- 
TERMS  AND  DEFINITIONS. 

Fracture. — No  better  definition  can  be  given  than  the  meaning 
of  the  Latin  word  (frangere^  to  break)  from  whit^h  the  term  is  de- 
rived.    A  breaking  of  bone  or  cartilage. 

Disloeatmn  or  Luxation,^!^  a  condition  in  which  the  articular 
surfaces  are  completely  displaced  from  each  other.  These  terms 
are  often  loosely  used,  and  in  many  instances  an  incomplete  dis- 
placement of  the  articular  surfaces  is  spoken  of  as  a  dislocation 
when  it  should  be  designated  as  a  subluxation. 

SublKxaiions  arc  dislocations  iu  which  the  articular  surfaces  re- 
main  partly  in  contact  with  each  other. 

Complete  and  incomplete  are  terms  used  to  indicate  the  degree 
of  fracture  or  luxation.  In  incomplete  fractures  the  line  of  frac- 
ture only  partially  separates  the  fragments. 

Contjinital  fractures  and  luxations  are  condilions  which  exist  at 
hirth.  In  uuiuy  instances  it  is  dillicult  to  state  whether  or  not  the 
lesion  was  intra-uteriue,  Cojigenital  fractures  and  luxatioui*  may 
be  the  result  of  prenatal  disease,  defective  development  or  of 
trauma  at  Inrth,  or  of  a  combination  of  tliese  causes. 

SponianeoHS  fractures  and  dislocations  occur  as  a  result  of  dis* 
ease  or  paralysis.  In  .some  instancci^,  notably  fracture  of  the  lup, 
the  bone  may  break  under  normal  strain  as  a  result  of  the  absorp- 
tion and  rarefication  of  bone  which  takes  place  in  tlie  aged. 

Pathologic  fnuinrfs  are  caused  by  diseases  of  the  hone  such  as 
osteo-sarcoma,  carcinoma,  osteo*m3^elitis,  etc. 

Pathologic  luxaiums  result  from  diseases  wliieh  cause  degener- 
ation of  the  ligaments  or  alterations  of  the  articular  surfaces. 

Rfcitrre7it  or  hahUual  lu-raiiona  ore  conditions  in  which  the  same 
dislocation  takes  place  repeatedly,  following  iueomplete  healing  of 
the  H^uiments  after  the  initial  lesion.  Hccurrcut  luxations  are  com- 
mou  in  the  shoulder  joint  foliowing  improper  treatment  of  the  first 
displacement. 

Diastasis  and  distracti4:m  are  t-erma  used  to  indicate  a  condition 
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.a    v:i.i*h  *A^  ;ivnr  ^Mirf.*****?*  »r^  ft^r'tbrr  'i\n  fmni  -"at^h    iriitT  inii 


vvh^ri  tlM-  liir?irri»r)tM  an-  torn  and  th**  lo\i>*r  ^-nds  of  the  tibia  and 

TIm'  t#rrn  (Ofn/fOttfu/  or  o/;^ //  is  nsf^i  vvfu'n  the  fracture  or  lux- 
ation i.s  r-onn'-'t^-'i  with  tlu-  oiit^i*!*-  air  by  nu-ans  of  a  wound.  The 
\\(t\nn\    rfia>    Ik-   rna<U'   by   tli**   vnlnrrant   liody   penetrating   to  the 
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boue,  or  tin?  end  of  Wie  I'ra^'mt^nl  or  arlit-ulnr  surface  of  the  bone 
may  peuf^trat^^  the  skin  from   within. 

The  term   vttKSf  d  is   ustnl   in  eoiitriulistiju'tion    to   open   or   com- 
pound. 


FlfM.  790  nud  791  — -Surfttcf  form  tmiJ  »*?ftitjni  of  fmctare  united  in  d^fortnily.  01<1 
fructuifiMl  tibiii  hhwimI  in  lUt-  coronal  plnnf.  Nwtp  hnw  tha  ruuKb  ffttctured  surface*  not 
origjimiUy  in  jiinpohitioii  hnvi*  bp^^n  ttbRorhrd^  tilled  in  iind  rouiulrd  off^  &a  tJie  middle  of 
the  mlluA  liecumt*  niore  drnse.  Wlifit  union  Inkcii  plare  with  d«'formit>\  rn  in  thin  rase, 
Ih*  ciilliiet  in  of  iifrccBsity  lioiivier  und  more  «IenK4^  thji*ii  when  psood  reduotion  hits  l>e*n 
U('complt»hpd,  This  Rppi'iini-n  was  obtain***!  from  |h#>  dis.«.frtinu  room  und  is  |»rt»bubly 
mftny  yeiir»  old  yet  tb*'  mpdulbiry  iiinttl  bfis  not  rH>)>r*n#*d.  In  froetures  of  the  nbafu 
of  loit^  bonpft  ith<»  medullnry  rmial  rt*o|it>n»  >,c)mt*  year»  foliowlnif  tb**  injurj-  provitipd  the 
rednptniin  l»  *food.  In  tbis  vtxHe  llit?  deformily  \h  iiron*>t]nt't*d  iind  the  medu,ll«ry  CBn»l 
r<^inftinft  orrlnded  by  tb**  inter nftl  rnlbm.  A  ^oitd  vxampte  vt  thi*  rfop«ning  of  the  PHnai 
It  f^e^n  in  the  X  ray  P^utt'f*   (Figs.  iVlG  to  «iU9). 

Tht^  term  simphi  is  used  in  contradistinetion  to  both  compoutid 
and  t"omj>lieated. 

The  terra  fompluafed  h  rather  indefinite  in  its  meaning.  It  is 
used  when  tin*  fraetun-  is  eoni pound  or  open  and  ia  also  employed 
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to  iiuHctito  nssoointed  injury  to  nrteries^  veins,  nerves  or  museles. 
It  IS  Also  umnl  when  the  fracture  is  iiifeeteil 

A  ifrten-sti<k  fracture  is  one  in  whit'h  the  line  of  fracture  re- 
sembles thnt  seen  w}ien  a  grrei^n-stiek  iss  broken.     T\w  bone  is  bent 


Fig.  TV»'i 


^ig.  7«:i. 


i 


Fig.  792* — Onrrinomtt  of  the  liwrnenis  with  Hpotiiiincous  fractare. 
fig.  798. — CMrc'liiomii   of   lh<>    humi*ru»   wuU  spontanemis   frtMSTure. 

and  the  frarturr  itivolvos  only  the  convex  side  of  the  shaft.  Many 
fraetores  are  ealled  p'een-stick  which  are  in  reality  of  the  sub- 
periosteal type. 

Subpfrioste^tl  frat  tan . — Tliis  tcrtii  is  used  when  the  fracture  is 


s 
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booe. 


Fig,    794. — Ciireinuuji*   of  I  be   Jowtr  und   of   the    femur   wllli  »t<^nsivt.>   cl<T)»tructiojj    ttt 
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Fir   795, — SyphiliUc   dictylilin  wiLL  s|min-.ii.      ^    tr 


Fig.   7i>0,^ — ^SponUtieoua  friii'tiiri;   followinK   oiit«o»Areoai». 
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not  awonipaiiied  hy  apprpeiable  tearing  of  the  periosteom  or  dis- 
plai'enient  of  the  frnunjiriits.  It  oeeurs  in  chihlren  ami  is  the  resnlt 
of  lM*ndin^  Iohm*  apjtlii^il  to  thv  Imn**.     Wheu  this  \y\ie  of  violence 


Fig.  797. — Oiteorftrctniimn    with   spcinhmeouii   frartiife.      Minh   drisiru'riuM*    uf   »ninp. 

m  applied  to  a  yoiin^  luni*^  (yoiini?  lujiies  are  tough  rather  than 
britth^)  the  convex  side  of  the  .shaft  18  untler  tension  strain  wliile 
the    coneave    side    h    under    eoinpresaion    strain.     Fraetiire    may 
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Fig.  7y9, 


Fiff.  80y. 


Fig.   790, — SmiM*  cub*  ns  tihown  iit  Fi^.   798.     Note  frariiin*  of  fumur. 
Fig.  800, — HftiiJ*'   cujie.      Note   fraihtrt^   of   fn'tnitr. 


Fit;.   Mul, 


Fig.    HO'i. 


Fijj;.   901. — ^ome  chap.      Koto   Itowiiig   of  tibia   neid   point    in   shufl   which   is  re»dy   to 
br«ak  wilb  the  *lighrcat  itrain, 

Ftv»  B02« — Same  ciie«.     Surue  (omliiioTi  nn  m^a  iu  libin  of  oppovlte  \»g  In  Fig.  BOL 
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occur  on  the  convex  side  from  tension  or  on  the  concave  side 
from  compression.  When  the  former  type  of  fracture  occurs  and 
is  incomplete  we  have  the  typical  green-stick  fracture.  Wlien 
the  latter  type  occurs  we  have  the  suhperiosteal  form  of  fracture. 
The  difference  is  well  illustrated  by  the  manner  in  which  different 
forms  of  iron  break.  Wrought  iron  girders  break  on  the  concave 
side  from  ** buckling/'  while  steel  girders  break  on  the  convex 
side  with  clean  fracture.  The  more  brittle  the  material  the  more 
likely  the  fracture  is  to  begin  on  the  convex  side  of  the  column  and 
to  be  complete.  The  more  rapid  the  bending  the  greater  the  proba- 
bility of  a  complete  fracture  and  of  the  break  beginning  on  the 
convex  side. 

Various  tenns  are  used  to  indicate  the  nature  of  the  fracture, 
the  character  of  the  deformity  and  the  line  of  the  break.  Such 
commonly  used  terms  as:  comminuted,  multiple,  transverse,  oblique, 
spiral,  overriding,  angular,  depressed,  etc.,  are  self-explanatory. 


CHAPTER  LVIII. 
THE  USE  OF  THE  X-RAY. 

BY   H.    G.   STOVER,    M.D. 

After  the  lapse  of  some  eighteen  years  since  Rontgen's  discovery, 
it  ought  not  to  be  required,  in  a  work  upon  fractures  and  disloca- 
tions, to  insist  upon  the  absolute  necessity  for  the  routine  use  of  this 
indispensable  diagnostic  means  in  every  instance  of  possible  bone 
or  joint  injury. 

Yet  even  in  this  day,  when  the  benefits  of  Rontgenology  are  avail- 
able in  so  many  localities,  the  use  of  this  agent  is  far  from  as 
general  as  it  should  be.    ' 

In  the  early  days  of  the  Rontgen  ray  there  was  some  excuse  for 
the  surgeon  who  did  not  rely  upon  it :  the  users  of  the  ray  were  not 
in  possession  of  efficient  apparatus;  exposures  were  long,  and  often 
resulted  in  harm;  and,  owing  to  imperfect  technique  and  small 
experience,  the  information  afforded  by  a  Rontgenologic  examina- 
tion was  in  many  instances  incomplete,  and  at  times  misleading. 

These  excuses  do  not  hold  now;  in  every  center  of  population 
there  are  installations  capable  of  giving  useful  Rcintgenograms,  and 
men  who  are  competent  to  make  th(»  examinations  skillfully  and 
without  danger  to  the  patients. 

The  advantages  of  the  Rontgenologic  examination  are  many  and 
vital. 

The  Rontgen  examination  does  away  with  the  need  for  manipu- 
lation of  injured  parts  in  the  attempt  to  elicit  pain,  crepitus  and 
preternatural  mobility;  it  not  only  affords  all  the  information  of 
value  to  be  gained  from  the  ordinary  methods  of  examination,  but 
it  brings  forth  facts  impossible  to  be  elicited  in  any  other  way : 
certain  fractures  without  displacement;  certain  impacted  fractures; 
certain  incomplete  fractures;  certain  fractures,  which,  by  their 
very  nature  cannot  give  the  usual  clinical  signs;  it  reveals  the  inter- 
position of  small  fragments  between  the  ends  of  fractured  bones; 
and  avoids  the  bruising  and  laceration  of  tissues  which  must  occur 
in  some  instances  if  there  be  a  prolonged  manipulative  examination. 
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It  has  been  argiied  by  »ome  that  a  surgeon  ought  not  allow  his 
manual  dexterity  to  suffer  the  atrophy  of  disuse,  by  relying  upon 
the  Rontgen  ray ;  one  might  as  well  say  that  an  internist  ought  not 
use  the  microscope  to  look  for  plasmodia  in  the  blood,  but  ought 
rather  nurse  liis  skill  in  eliciting  subjective  and  objective  clinical 
symptoms  upon  which  to  formulate  his  diagnosis.  At  the  same 
time,  it  must  \h'  insisted  that  the  Rontgen  examination  is  not  to 
supplant  the  clinical  methods;  rather  must  it  supplement  them. 
The  skilled  hand  of  the  surgeon  has  done  its  wonders  through  the 
ages;  it  cannot  be  neglected  now;  the  practised  eye  discovers  ex- 
ternal signs  of  internal  conditions  in  a  marvelous  way  as  evidenced 
by  the  photographs  in  this  l)ook. 

The  time  is  coming  when  failure  to  make  appropriate  use  of 
Rontgenolojry,  when  aeeessihle,  will  b*^  counted  as  negligence,  and 
this  not  only  in  surjrery,  hut  in  many  departments  of  internal 
medi<*ine.  Kven  the  laity  are  coming  now  to  eriticise  their  attend- 
ants for  delay  or  neglect  in  this  matter. 

After  attempte<l  reposition  of  fracture  or  dislo<?ation,  the  Rontgen 
examination  affords  a  means  of  ascertaining  if  position  is  correct 
without  disturbing  retentive  dressings  or  apparatus,  enables  one  to 
watch  the  course  of  healing,  and  to  know  the  final  anatomical  result. 

In  many  of  the  fractures  met  with,  a  clinical  diagnosis  sufficiently 
accurate  for  preliminary  treatment  can  be  made;  in  these  cases  the 
Rontgen  examination  should  be  made  after  reposition  in  order  to 
cht»ck  up  the  clinieal  diagnosis  and  to  make  certain  that  satisfactory 
reposition  has  been  aecom])lished.  But  there  are  not  a  few  in- 
stances in  which  the  Rontgen  examination  should  be  made  before 
anything  els**  is  done;  in  this  class  are  many  of  the  injurif^a  about 
the  elbow,  hip,  and  pelvis,  and  thos<»  severe  traumata  in  which  there 
is  suspicion  of  grave  damage  to  vital  soft  tissues,  and  further  injurv' 
through  manipulation  might  result  in  gangrene,  or  other  detri- 
mental se(iuehe. 

As  the  Rontgen  ray  ])roduces  no  st^nsory  impression  upon  the 
retina,  it  is  necessary  to  use  intermediate  means  to  transform  the 
results  of  its  energy  into  visible  records. 

There  are  three  physical  factors  which  render  this  possible: 

First :  all  substances  absorb  the  Rontgen  ray  practically  in  rela- 
tive amounts  corresponding  directly  to  the  ratio  existing  between 
their  atomic  weii^hts. 

Second  :  th(»  Rontgen  ray  causes  certain  substances  to  fluoresce. 
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Third :  the  Rontgen  ray  lias  the  power  of  produeing  a  paralyzing 
effect,  or  a  latent*  developable  image,  upon  the  chemicals  used  in 
the  sensitive  emulsion  of  photographic  plates  and  certain  photo- 
graphic papci's. 

If  a  substance  is  so  placed  that  it  will  intercept  rays  directed 
toward  a  screen  coated  with  fluorescent  material,  or  a  photographic 
plate,  the  absorption  which  occurs  leaves  areas  on  the  screen  or 
cmulHion,  which  are  not  affected;  these  areas  on  the  fluorescent 
screen  are  dark;  in  the  emulsion  of  the  plate  no  latent  image  is 
produced;  if  the  substance  un<ler  cxaininatioD  is  made  up  of  areas 
of  various  densities^  the  amount  of  tiiioresceiice  upon  the  screen  or 
of  alteration  in  the  silver  salt  of  the  emulsion  of  a  plate,  in  corre- 
sponding areas,  varies  in  an  inverse  proportion  to  the  densities  of 
these  areas,  or  in  direct  ratio  to  the  amount  of  rays  which  these 
areas  permit  to  pass. 

At  the  prcseiit  time  the  fluoro-scope  is  not  used  in  this  branch  of 
surgical  Rontgeuology,  except  for  roughly  and  (pnckly  estimating 
the  approximate  location  of  a  foreign  body,  or  obtaining  some 
general  facts  regarding  a  bone  injury;  the  screen  image  is  not  m 
rich  in  detail  as  is  that  upon  the  plate;  it  can  be  studied  during 
only  a  short  period  of  time  j  it  is  not  a  permaneid  record ;  its  fre- 
quent use  is  dangerous  to  the  operator;  long  or  repeated  exposure 
may  lead  to  injuiy  of  the  patient's  skin,  as  for  example,  wlien  the 
operator,  the  attending  physician,  perfiaps  a  consulting  surgeon, 
and  probably  from  one  to  a  dozen  relatives  and  friends,  must  all 
'*have  a  look/'  On  the  other  hand  the  sensitive  plate  gives  all  the 
details;  it  can  be  studied  as  long  or  as  often  as  needed  and  at  any 
time ;  it  is  a  permanent  record  of  the  condition ;  it  is  demonstrable 
evidence  that  such  an  examination  has  been  made ;  in  addition  to 
this,  the  accumulation  of  a  large  library  of  plates  furnishes  rich 
material  for  scientific  study  and  for  the  wTiting  of  papers. 

The  great  part  of  Rontgen  diagnosis  in  medicine  and  surgery 
Tiuist  be  done  by  specialists  in  this  line,  and  indeed  before  long  there 
will  be  subspecialties  in  R4)ntgenolog>',  so  great  is  the  field  and  so 
complicated  the  technieal  details  of  diagnosis-making.  Most 
physieiaus  and  surgeons  will  tind  it  im practicable  to  make  their 
own  Rontgen  examinations.  A  complete  equipment  is  costly  in 
apparatus  and  space  and  its  maintenance  expensive.  One's  own 
paticnt8  will  not  contribute  as  liberally  to  this  for  these  exann na- 
tions as  they  will  do  when  referred  to  a  specialist  for  the  purpose. 


tm 
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yig.  803. — The  lime  portftbtt;  cuiL 

niih  ImniiUu*  fluit  Ih^  m  taking  up  a  simple  probkm !  For  this  man 
tlit^  fiiiHidr  wciiiltl  inlvjMr  thv  Ruse  PortHble  Coil  (Fig.  SiyS).  It  may 
Im'  iiNi^tl  on  ciittMT  ilircrt  or  alteniatinpr  current;  it  is  of  the  compact 
*'iiiiihiTiiiMi'*  type  nm]  enn  bo  rarninl  in  the  hand  for  short  distances 
wilhont  fjvi'rfiiti^yiif%  tm  if.  nuiy  lio  usimI  f*ithnr  in  the  oflit-o  or  at  the 
hi^biiln  wInvhi  v\iH'U*U*  <*nrrrnt  is  avaitaljlr.  In  Fi|y.  804  is  showTi  a 
llirgi«r  iippHrnlus  uf  thv  mmv  \y\K\     It  is  more  powerful  but  is 
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more  woighty  and  heavier  fiisen  Tiiimt  l>e  plaeetl  in  house  cireuits  in 
whieh  it  is  used.  Another  hex  for  e^irrying  the  Oooko's  tube  and 
the  plate-hohlera  is  a  t2ouvenienee.  The  apiianitus  requires  a  speeial 
type  of  (*rooke's  tnhe,  eidculatt  d  in  suppress  iuvt^se  eurreut  (Fi^, 
8051. 


I  i_'     -^(iL — TIIh?i   npp.'ti'iiitufl  in  similar  la  thut  slti.wn   mi   |>r!(i-<ling  flsTut'c*-      II    >>     U'-w 
ever,    more    powerful    aiui    more    wii^i^lily.      Uvuvier    fujscs    tJiust    Imj    ijIjicihI    in    ihe    Iit>u6ic 
rir<!uitA  #n  whicU  it  ih  iinvii. 

The  Cranier,  tfie  Forbes,  tir  the  **A^'fa-'  X-ray  plates  will  Ite 
found  quite  satisfaetory.  peruiitting  of  some  latitude  in  exposure 
time. 

These  plates  are  to  be  enclosed  in  the  black  und  yellow  envelopes, 
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Opaque  to  ordinary  aetiiiie  light,  which  may  be  procured  from  the 
plat*^  makers.  Always  put  the  plate  in  th(3  hlaek  envelope  (in  the 
dark-room,  of  course)  so  that  the  film  of  the  plate  is  next  to  the 
smooth  side  of  the  envelope;  then  put  the  black  envelope  into  the 
yellow  one  so  tliat  their  smooth  and  iiiiiu'int(d  sideg  are  together; 


this  is  important^  as  in  this  way  one  is  always  certain  as  to  which 
side  of  the  paekage  carries  the  film  side  of  the  plate.  If  Hrmtgeno- 
granis  are  made  with  the  tilm  side  of  the  plate  down  in  some 
examinations  and  up  in  others,  when  using  envelopes^  there  might 
he  no  w^ay  of  knowing,  in  a  subsequent  study  of  the  plate,  whetlirr 


I'ig,   8Ulj. — \U\ 


X  ray    pUt«it. 


the  right  or  left  side  of  the  boily  had  been  examined,  a  point  whieh 
it  is  quite  necessary  to  know  when  making  reports  to  insurance 
eompaiii€*s,  or  when  the  physician  is  called  to  the  witness  stand.  It 
is  a  very  good  plan  to  mark  the  plates,  at  the  time  of  making  the 
exposure,  by  means  of  leaden  letters  **L'*  and  *'R/' 
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For  several  reasons  it  is  quite  important  that  plates  be  carefully 
so  marked  that  their  future  identification  is  always  positive.  Metal- 
lic numbers  (Fig.  806)  may  be  placed  on  the  plate  at  the  time  of 
the  exposure,  thus  obtaining  a  Rontgenogram  of  the  number  as  a 
part  of  the  image  produced ;  if  this  is  not  practicable  the  number 
of  the  plate  or  the  patient's  name,  should  be  written  upon  the  film 
side  of  the  plate,  in  the  dark-room,  with  a  lead  pencil,  immediately 
before  developing  it. 

When  the  Rontgenogram  has  been  made,  the  following  points 
should  be  noted  upon  the  envelope,  for  a  record :  name  of  patient ; 
address;  occupation;  if  a  minor  or  a  dependent,  the  name  and 
address  of  the  financially  responsible  party;  the  date;  the  part 
examined;  the  nature  of  the  view — whether  antero-posterior, 
postero-anterior,  lateral,  etc.;  the  condition  suspected;  the  diagno- 
sis; and  other  facts  may  be  added  if  desired,  such  as,  history  of  the 
injury;  descri[)tion  of  the  dressings  applied,  etc. 

The  plates  should  be  filed  away  in  a  safe  place  in  such  a  way 
that  they  w-ill  be  readily  accessible  for  future  reference.  Filing 
may  be  done  according  to  number,  or  in  groups  of  **  parts  of 
body,*'  or  in  groups  of  ** lesions  found.''  An  index  of  such  a 
nature  that  plates  may  be  found  easily,  should  also  be  kept. 

Do  not  permit  patients  or  others  to  carry  away  your  plates ;  you 
may  want  them  badly  yourself  some  day.  The  plate  is  the  most 
important  part  of  your  record  of  your  work ;  it  may  be  needed  for 
study  of  the  progress  of  a  case ;  it  may  be  needed  in  court ;  in  time 
your  plates  form  a  valuable  library  as  already  stated. 

The  author  does  not  permit  his  plates  to  be  introduced  in  evi- 
dence as  *' exhibits"  in  medico-legal  cases;  when  the  author  is  on 
the  stand  and  is  asked  to  show  his  plates  to  the  jury,  he  says  to  the 
Judge,  **May  it  please  your  Honor,  these  plates  are  a  part  of  my 
professional  records;  they  are  necessary  to  me  as  such,  and  as 
material  for  scientific  study ;  I  therefore  do  not  desire  to  introduce 
them  into  evidence  as  exhibits,  but  simply  to  use  them  as  diagrams, 
by  means  of  which  to  demonstrate  the  opinion  I  am  here  to 
give."  This  has  always  been  allowed  without  (luestioii  by  the 
Court. 

Prints,  if  they  are  of  such  a  nature  that  they  will  show  the  con- 
ditions according  to  the  opinion  of  the  expert,  may  be  introduced 
as  exhibits.  Personally  the  author  does  not  think  plates  or  prints 
ought  to  be  made  exhibits  in  evidence.     The  Rontgenologist  is  not 


TERMS   A]SfD    DEFINITIONS 


733 


Fiir.  7y«. 


Fijf.   800. 


Fig:.   799. — Snme  ciifif  ;im  sUawti   in   Fiif.   798       Nolt»  frmnurL'  t>(   fuiiiur. 
Fig.   BOO. — -.Saiiic^   iUthe.      N<i(it    fratiuro   of    fiernur. 


iiA.    80  L 


Kl^;.    f^ti^. 


Fig^.    801,— -SfliBt"  Oftb©.      Not«  Uowinif   of  libin    ttml    |*<tint    in   shaft    whkh   is   r?&dy    lo 
break  wUh  th«  ulielni^nt  Rtraln. 

Plf,  802. — Smno  eafte.     Sump  conclirion  n^  »cen  in  (ibi*!  uf  «>ppoaUe  bg  in  Fig.  801. 
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the  center  of  the  ohjeet,  as  in  Fig.  810.  The  Rontgenogram  result- 
ing from  this  pose,  shown  in  Fig.  811,  gives  a  distorted  image  of  the 
object.  The  outline  of  the  image  is  far  from  being  circular  in  form, 
and  the  image  of  the  smaller  sphere  is  not  at  the  center  of  the  image 
of  the  large  sphere. 

From  these  faets  we  may  deduce  a  general  rule  for  so  posing  as 
to  avoid  distortion: 

The  object  and  the  plate  should  be  as  close  together  as  possible ; 
they  sliould  bt»  as  far  as  possible  from  the  target  (consistent  with 
securing  sufficient  (piantity  of  ray) ;  the  rays  falling  from  the  target 
perpendicularly  upon  the  plate  should  pass  through  the  center  of 
the  object. 

A  distance  of  from  eighteen  to  twenty-four  inches  between  tube 
and  plate  is  usually  used. 

Now  this  cannot  be  an  absolute  rule;  it  must  be  infringed  upon  in 
n»Hpect  of  the  rt»lation  of  the  principal  axis  of  rays  and  the  center 
of  the  object,  at  times.  For  example:  a  patient  with  a  suspected 
fracture  of  the  neck  of  the  fenuir,  exhibiting  considerable  eversion 
of  the  lower  extremity ;  as  the  patient  lies  on  his  back,  the  plane  of 
the  neck  of  the  femur  is  not  parallel  with  the  surface  of  the  plate 
plaivd  uiulerneath;  rays  passed  through  the  neck  of  the  femur  and 
falling  perpeuilicularly  \ipon  the  plate,  would  give  a  foreshortened 
iuuige  of  till*  luvk,  lartrely  coven»d  by  the  superimposed  shadow  of 
the  givater  tnu^hanter;  therefon*  the  exposure  to  show  a  fracture 
of  the  neck  of  the  femur  in  such  a  case  as  this  must  be  made 
with  the  target  of  the  tube  outside  of  a  perpendicular  from  the  plate 
passing  up  thrtnigh  the  neck:  this  oblitpie  direction  of  the  rays  will 
show  the  full  length  of  the  neck. 

In  making  a  Kontgenogram  of  the  ankle-joint.  autero-)>osterior 
view,  with  the  ttH'  pointing  dirtn-tly  upward,  perpendicularly  to  the 
plate  beneallK  the  targx't  should  U*  platvd  a  little  to  the  outside  of 
the  perpendicular,  in  oi\ler  not  to  superimpose  the  shadows  of  the 
lower  ends  of  the  tibia  and  tibula. 

The  rays  pr\viH\ling  fivm  \litTer\»nt  i'nx^kes  tubes  are  not  always 
the  siiuie  in  quality  ;  the  quality  of  ray  fnmi  any  given  tube  will 
vary  frv>ui  titue  to  titiie.  There  is  a  variation  in  quantity  depend- 
ing ui>ori  the  tXriting  cum»nt ;  Ivside  this,  there  ari»  all  degrees  of 
variation  in  penetrating  power,  dejH-ndent  largely.  ap(>arvntly.  upon 
the  nature  of  the  \acuu!u  in  the  tube,  other  things  being  equal. 
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In  general  we  speak  of  the  rays  as  being  **soft/^  **  medium/ '  or 
**hard/'  and  we  use  the  same  terms  in  describing  the  tubes. 

The  soft  ray  comes  from  a  *'soft^'  tube,  of  low  (comparative) 
vacuum ;  these  rays  are  emitted  in  large  quantity,  have  a  consider- 
able chemical  action,  but  are  of  low  penetrating  power.  These  are 
the  rays  which  quickly  lead  to  dermatitis  if  permitted  to  act  too  long 
on  the  tissues.  They  produce  very  contrasty  Kontgenograms  of 
thin  parts. 

It  is  worse  than  useless  to  attempt  the  production  of  a  Riintgeno- 
gram  of  a  thick  part  with  a  soft  tube  by  unduly  prolonging  the 
exposure ;  this  simply  over-doses  the  tissues  with  rays  which  are  all 
absorbed,  and  the  only  result  will  be  a  ''burn.'' 

The  hard  rays  come  from  a  ''hard''  tube,  one  of  high  vacuum; 
they  are  emitted  in  relatively  less  quantity,  have  less  chemical 
action,  but  are  very  penetrating. 

The  medium  rays  come  in  large  quantity  from  a  tube  of  (com- 
parative) medium  vacuum,  and  are  best  for  general  purposes,  giv- 
ing good  bone-structure  and  contrast  between  bone  and  soft  tissue. 
For  bone  work  in  very  thick  parts  a  harder  ray  is  better.  If  too 
hard  a  tube  is  used,  the  extremely  penetrating  rays  being  so  little 
absorbed  by  the  bony  tissue,  give  a  flat  negative  without  contrast 
between  bone  and  soft  tissue. 

The  user  of  the  Rontgen  ray  should  be  very  careful  to  protect 
himself  from  its  deleterious  effects.  This  is  a  matter  of  the  utmost 
gravity;  repeated  exposures  are  bound  to  produce  the  specific  results 
upon  the  tissues;  the  Riintgen  ray  is  not  a  plaything.  A  serious 
dermatitis  results  invariably  in  carcinoma  with  a  strong  metastatic 
tendency,  and  the  death  roll  of  Rxintgenologists,  with  several  yet 
living  whose  names  will  soon  be  added  to  it,  is  already  too  large. 

In  addition  to  the  fact  of  the  danger  to  life  from  incautious  ex- 
posure, is  the  fact  that  the  ray  affects  the  reprodu(*tive  organs  in 
such  a  way  as  to  produce  sterility  (not  impotentia). 

Fluoroscopes  are  now  provided  with  l(»ad  glass  for  protection,  and 
opaque  gloves,  aprons,  gowns,  etc.,  may  be  procured.  There  are 
shields  of  lieavy  lead  glass,  white  oxide  of  lead,  or  rubber  compound 
which  may  be  placed  directly  about  the  tube,  and  which  are  (piite 
opaque  to  the  ray. 

In  estimating  the  time  of  ex]>osure  for  difTerent  parts,  one  should 
consider:  the  thickness  or  density  of  the  part;  the  distance  of  the 
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tii1>e  ;  the  pt*iiet rating  power,  or  hardiit-KSof  tho  ray  ustnl ;  the  amount 
of  current  passing:  througli  the  toht^;  ttie  kind  of  plate  used  (some 
are  imwh   more  ra[>id   tlian  others).     Tbr   use  of  an   intensifying 


Fig,   81!! 


-Radio-chro»omtl(*r. 


screen  eiit.s  down  the  time  from  one-fifth  to  one-tenth,  bnt  it  also  euts 
down  in  the  same  proportion  the  allowance  of  latitude  for  error  Iq 
caleulatioii. 

There   are  scales  for   meaKiirin^  the   penetrating  power   of   the 


Fig.   8  UK — Th<?  haner  quulitnelor, 

ray;  tlie  hest  of  these  is  the  Benoist  radio-chronometer  (Fig.  812)  ; 
with  this,  wlieu  viewed  through  the  fluoroseope,  or  its  image  studied 
upon  the  plate,  a  comparison  is  made  uf  the  color  produced  by  rays 
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which  havn  pBRsed  through  pkn't's  of  ahimimim  of  differL^it  thick- 
iieRS,  with  that  i)rotUiced  by  rays  which  have  passed  through  a  piece 
of  silver  of  a  standard  thickness. 

The  hardness  of  tlie  rays  may  he  measured  hy  means  of  the  Bauer 
Qualimeter,  a  sort  of  electro-statie  torsion  balance  (Fig.  81;^). 

A  special  niillianipercrneter  is  used  ftir  tneasTiring  the  quantity 
of  hij:rh  voltage  eurreiit  passing  through  the  tuhe. 

ThuH  (piite  an  accurate  tech ni< pie  rnay  he  Ivuilt  np.  Experience 
soon  teaches  how  to  estimate  the  values  oi"  the  various  factors  so  that 
the  calculation  with  theue  becomes  automatic  with  the  experienced 
operator. 

With  snmll  apparatus,  such  as  has  het^n   recommended   for  the 


Fi|C.   814. — [jitienr    frurhin*   of    upprr    vnd   of   liblii 


amateur  Rontgenologist,  it  is  necessary  to  make  rather  lonf  ex- 
posures in  order  to  produce  good  plates  of  the  thicker  parts;  thus 
the  quiet  of  tlie  part  may  be  disturbed  hy  respiratory  movements, 
or  nmscular  twitelnngs  may  oceur,  or  nervous  patients  may  lind  it 
irnpofisihle  to  remain  quiet.  The  exposure  time  may  be  shortened  hy 
the  use  of  intensifying  screens  as  has  already  been  said.  Such  a 
serein  consists  usually  of  a  sheet  td'  eardhoard  upon  which  has  been 
laid  a  smooth  coat  of  some  suhstanci'  which  fluoresees  when  exposed 
to  the  Riintgen  ray.  This  fluorcseent  light  is  nuicfi  more  ac'tive 
aetinically  than  is  the  Kiintgen  ray  itself.  In  use^  the  ehemical 
aide  of  the  screen  is  placed  in  very  perfectly  intimate  contact  with 
the  film  of  the  plate   (a  special  plate-holder  is  necessary)  j   this 
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plateJiuldrr  is  pbiced   midiT  the  pnrt  to  Ik*  exannti(*i|,  i>roforablyi 
witli  \\w  ^biss  side  of  t)u'  \t\iitv  towHrd  tlio  [yHtipiit  uiid  tulie;  the' 
exposure  is  theti  iiitHli\  Hiid  VfM'v  inueh  shorter  than  ulieii  tlit*  screen 
]H  not   used:   in   th«>  ihiik   nioio   the   holder  is  opened,   ttie  ser.^cji 
<put'kly  removed  nod  [>hi<^  d  in  its  enotoiner  and  tlie  plate  developed- 
Unless  n  ^JJe  sereiii  is  usi  d  jmhI  trreat  <-are  tnkeri  that  thr  exposure 


Fi|f,   8 IS. 


}!'\g.     H16. 


Fi|r,   SlfK — An|<»ro  |uii»ri»rior  view  of  fm^'lnt'*'  "(  thfi  Tiidiu«. 
Fif.  SlO.^Lntirnl   view   of  name  ea»v, 

is  neither  tno  lon|?  nor  too  shoi-t  hy  n  very  small  iinirgiii,  th«*  result 
will  not  \h'  satisfaelnty  ;  if  there  is  even  a  slight  overexposure  tlie 
iinnj^r  will  h<^  "grainy''  and  the  lines  of  honi'-strui-ture  will  not  he* 
shMr](  nriil  i  h*ar.  Th**  treluiii-al  dilTii-ulties  arr  nudtiplied  hy  the 
serveii,  hut  its  use  will  he  of  value  wlien  i-xainiidng  thiek  parts  with 
Bmall  a  PI  Ml  rat  us. 

The  Rontgeiiograui  (Fig.  814)  produced  is  not  a  photograph;  it 
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Is  a  record  of  the  comljinod,  8H|)<pr imposed  iniages  of  the  various 
deDBities  contained  in  an  alinc^st  iiiHiiite  niiinher  of  plaDes  in  the 
object  examined,  through  whleh  the  ray  has  passed. 


Fiif.   «17. 


Fi«.   818. 


Fig.    Hi 7, — Frftrliir**  of  {ht  r^mornl  shiift   which   itiniiol  lip  detwri«d  biH'ati^i*  lh«  myi 
di>   tioi   jmn»   ttirmiKlii   the  pliinr   of   iht*    fnnlDrt'. 

Fig,    Hl^. — i^riothfr   platr'  of   iUr   Hiunv  rHsn,      No  tnidoptre  of   frai-tiire. 

A  sin^h'  virw  of  a  fractured  bonr  in  tsrldooi  or  never  siiffiHent  for 
the  dia^'fiosis;  exjHjHiires  sliouhl  he  made  from  at  least  two  points 
of  view^  generally  at  riglit  angles  to  each  other,  and  soinetimes  more 


i 


are  m^cos^nry  to  brtii^r  nut  nlusrorc  [Hiiiits.  s\urv  Thp  RoeTitg<?nogram 
is  in  n  wav  a  siliifmrltt'  ur  hhn<]n\v  imimc. 


I 


Pig.  am, 

FiK.   819. — Another    plfttf   «f    the 


Fig.   820. 


TIi^    nut1ini>«i 


cHtip   Khtnrn    in    Fikb.   817    «nd    818. 
neen  in  the  middli?  af  tlip  shnn  niii^lit  lisad  ono  to  suHpt*rt  frii«tur(>  but  sre  bnrdly  »nffi«<iMii 
to  estftbliBh  II  diugiiosU. 

Fi£.  8Q0.- — Another  Tit-w  of  the  «»iiji>  rime  Khawittjj^  (hi?  Irjioiure  quitw  dJRtitieily. 
Thin  pifttft  Muii  Fipi.  1^17,  i^lt^  and  SI 9  ilvmonMriit*^  the  ptmailiility  of  oTerlookinir  « 
frn^^turo  \t  tha  f^iKt*  is  <«Kamihr<#!  only  in  ont^  pinnc. 

Fig.  815  shows  an  antero-postmor  view  of  an  old  fraetuiv  of  the 
ratlins;  the  hiti^ral  vit-w  sliown  in  Fi^.  SI 6  di^monstrates  very  strik- 
ingly the  neetl  of  more  than  one  view. 
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Fi^,  817,  818,  81!)  and  S20  aiv  all  vi*nvs  of  the  sanu^  ferniir  (rhilil) 
taken  from  diil'ereut  virwf Joints. 

Ij)  rertaiii  parts  of  the  body  (tlie  slionlder,  for  example)  it  is 
iiiilKKssible  to  obtain  two  views  at  ri^^dit  angles  to  eaeh  other ;  here  the 
stereosc'opie  niethnd  is  of  speeittl  iinportanee.  In  this  method  two 
views  are  made  from  sliiyjlitly  different  viewpoints,  but  bearing:  a 
matlieiiiatieal  relation  to  eaeh  other.  For  the  fii*st  view  the  target 
of  the  tnbe  is  plaetHl  one  and  one-quarter  inches  to  one  si<ie  of  a 
perpend irular  froju  the  plate  passing  through  the  <"enter  of  the 
objeet ;  the  seennd  plate  is  mndi'  ;ifter  iiioving  the  target  an  etpial 


FU.   B2 


Fig.   H22, 


Fiirn,   821   ind  S'l2. — ^Slcrcoftrnpir   Uonlgt'imcr^iuii  ui  n   low  siibc€»riirqtiili  {Ijjiloriilinii   of 

distauee  to  the  other  sid**  of  tlie  jierpendienUir,  Stereasco^jjL'  plates 
are  obKerved  by  means  of  a  plane  prism  .stereoscope  (not  the  usual 
|»arlor  instrument),  and  a  i)ers|ict4ivi*  vit*vv  results,  enabling  oue  to 
get  all  the  rehdions  Indween  the  pai'ts  of  tlu*  iumge  (Figs.  821  ami 
822,  subeoraeoid  disloeation  of  humerus).  Thin  stereaseopie  view^ 
may  be  studied  by  means  of  a  triek  of  visual  areommo<lation  if  one 
luiN  not  a  stereoscope  haT»<ly;  diretst  the  ga/.e  to  a  poiid  midway  lie- 
tween  the  two  plates,  then  foeus  upon  an  imaginary-  objeet  some  dis- 
tanee  beyond  ;  this  will  cause  the  a|ifH'arance  of  three  images;  study 
the  uiiddte  one,  disregarding  the  two  oidside. 
One  should  do  his  own  developing,  iastead  of  referring  it  to  a 
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photographer;  the  photographer  may  be  a  better  technician  at  the 
outset,  but  he  is  rarely  sufficiently  acquainted  with  anatomy  and 
pathology  so  that  he  will  know  at  what  stage  of  development  to 
arrest  the  process. 

The  dark-room  must  absolutely  exclude  all  daylight  or  artificial 
light  save  that  from  the  red  lamp.  The  red  light  should  be  tested 
by  exposing  small  plates  to  it  and  developing  them,  in  order  to  make 
sure  it  is  a  *'safe  lighf  If  possible  it  is  well  to  begin  the  develop- 
ment of  plate  in  total  darkness.  Put  the  plate,  film  up,  in  the  tray 
and  quickly  swirl  the  developer  over  it,  then  continuously  rock  the 
tray,  slowly ;  hold  the  plate  up  to  the  red  light  after  a  time,  and  from 
time  to  time,  in  order  to  observe  the  progress  of  development,  but  do 
not  do  this  too  often,  no  matter  how  **safe''  the  light  is.  Develop 
until  by  reflected  red  light  the  back  of  the  plate  shows  some  dark- 
ening, or  until  the  image  seen  by  red  light  transmitted  through  the 
plate,  begins  to  fade. 

A  good  developer  is  that  known  as  the  Cole  developer,  used  by 
Dr.  L.  Gregory  Cole  of  New  York : 

Distilled  water 32  ounces 

Metol 40  grains 

Hydroquinone   6  drams 

Sodium  Sulphite   (dry) 2  ounces 

Sodium  Carbonate  (dry) 2  ounces 

Potaas.  Bromide 40  to  60  grains 

A  fault  of  a  good  many  developers  recommended  for  Rontgen 
work  is  that  they  do  not  contain  enough  bromide. 

The  temperature  of  the  developer  should  not  be  above  sixty-five 
degrees  Fahrenheit.  After  development,  rinse  the  plate  carefully 
for  a  real  minute  in  running  water,  put  it  into  one  or  another  of 
the  hyposulphite  of  soda  fixing  solutions  in  order  to  dissolve  out  the 
unexposed  silver  salt  from  the  emulsion ;  after  about  twenty  minutes, 
or  at  least  ten  minutes  after  the  foggy  white  color  has  gone  from 
the  back  of  the  plate,  put  it  in  running  water  for  one  hour;  then 
take  out  and  set  on  edge  to  dry  in  a  room  of  even  temperature, 
where  dust  will  not  fall  upon  the  soft  emulsion. 

Be  cleanly  in  the  dark-room.  Have  trays  for  each  special  pur- 
pose, use  them  for  no  other,  and  keep  them  clean.  Wear  thin 
rubber  gloves  when  developing ;  metol  is  very  poisonous  to  the  skin 
of  some  people.     Rinse  the  hands  carefully  every  time  they  have 
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been  near  a  solution.  If  a  ver>'  little  hypo  is  carried  into  your 
developer  you  will  find  your  plates  displaying  some  very  peculiar 
appearances. 

Plates  which  are  not  quite  perfect  in  certain  respects  may  be 
improved  by  intensification  or  reduction,  as  indicated  by  the  quality 
of  the  density,  but  really  in  order  to  obtain  a  correct  plate  the 
exposure  must  have  been  very  nearly  correct  in  the  first  place ;  after- 
manipulations  will  not  make  a  good  plate  out  of  a  bad  one. 

In  studying  plates,  put  them  in  a  window  against  a  clear  sky, 
north  light  preferred.  A  box  fronted  with  ground  glass  and  con- 
taining electric  lamps  is  a  convenience  as  it  may  be  used  at  any  time. 

Make  plenty  of  experimental  plates  of  normal  parts  in  order  to 
have  a  standard.  It  is  well,  in  injury  cases,  to  examine  the  corre- 
sponding normal  part  until  one  becomes  familiar  with  normal 
Rontgenologic  anatomy,  and  has  a  collection  of  normal  plates. 

There  are  no  'Miigh  lights"  in  Rontgenograms ;  these  are  impor- 
tant in  camera  photography ;  the  corresponding  condition  in  a  Ront- 
genogram  is  the  black  part  of  the  plate  outside  the  field  of  the 
image ;  in  Rontgenography  we  are  dealing  with  what  photographers 
call  ** shadow  detail.** 

In  studying  plates,  look  out  for  the  appearances  (artefacts) 
caused  by  air  bubbles  adhering  to  the  plate  during  development, 
finger  marks,  scratches,  light-struck  spots  due  to  holes  in  the 
envelopes,  and  chemical  stain  and  fog. 

Look  out  for  confusing  lines  where  the  shadows  of  two  or  more 
bones  are  superimposed. 

Do  not  be  deceived  by  the  heavy  (white)  shadow  of  a  ridge 
for  muscular  attachment,  which  at  times  may  appear  to  be  the 
margin  of  a  fracture  shadow. 

Remember  that  epiphyses  unite  at  varying  periods  in  the  develop- 
ment of  the  individual. 

Do  not  mistake  a  normal  center  of  ossification  of  a  condyle  for  a 
displaced  fragment  of  bone. 

Remember  that  a  patient  may  have  more  than  one  fracture. 

Remember  that  a  fracture  may  be  located  at  some  distance  from 
the  seat  of  pain. 

Remember  that  a  functionally  perfect  result  may  appear  very 
far  from  being  an  anatomically  perfect  result. 

Just  because  your  plates  show  good  apposition  in  a  fracture 
located  near  a  joint,  do  not  be  over-optimistic  in  your  prognosis. 


CHAPTER  LIX. 

THE  OPEN  TREATMENT  OF  FRACTURES. 

The  use  of  the  X-ray  and  operative  treatment  have,  of  recent 
years,  greatly  improved  the  results  in  certain  fractures  and  disloca- 
tions. Open  treatment  is  particularly  adapted  to  the  correction  of 
deformity  in  instances  in  which  simpler  methods  cannot  accomplish 
reduction  or  fail  in  preventing  subsequent  displacement  during  the 
after-treatment.  Cases  in  which  operation  is  performed  may  be 
divided  into  two  groups:  the  first  includes  cases  in  which  this 
method  has  been  chosen  soon  after  the  injury  because  of  the  im- 
proved results  which  it  may  offer;  the  second  includes  cases  which 
are  operated  upon  as  a  last  resort  after  non-operative  methods  have 
been  tried  and  proven  unsuccessful,  or  in  which  operation  was 
demanded  because  the  condition  was  compound  from  the  first.  The 
results  of  these  two  groups  of  cases  are  quite  different  and  should 
not  be  confounded  when  deliberating  upon  the  advantages  of  opera- 
tive treatment.  Consideration  at  this  time  is  only  given  to  cases  in 
which  operation  is  performed  as  an  initial  measure  because  it  offers 
better  results  than  non-operative  procedures.  Operation  done  in 
compound  fractures  will  be  taken  up  under  the  headings  of  *' Treat- 
ment of  Compound  Fractures  and  Dislocations,*'  page  789. 

All  forms  of  treatment  give  a  higher  proportion  of  functionally 
perfect  results  in  children,  and  hence  the  difference  between  opera- 
tive and  non-operative  results  is  less  marked  before  puberty.  With 
advancing  years  the  proportion  of  cases  in  w^hieh  a  better  result  can 
be  obt^iined  by  operation  increases.  ^Techanical  means  for  the 
direct  or  internal  fixation  of  the  fragments  have  been  known  and 
employed  for  many  years,  but  it  is  only  recently  that  improved 
technique,  both  as  to  api)liance  and  asepsis,  have  demonstrated  the 
real  vahic  of  the  operative  method.  AVire,  nails,  screws,  pegs, 
clamps,  ferrules,  and  absorbable  suture  materials,  have  all  been 
used,  and  even  now  have  their  appropriate  places.  Hut  the  develop- 
ment of  the  Lane  plate  has  proven,  undoubtedly,  the  greatest  stride 
in  the  open  treatment  of  fractures.     It  is  a  well  known  fact  that 
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perfect  ana  torn  ie  ivdiietioii  h  not  aUvtiys  es^i^ntial  to  the  complete 
restoration  of  funetion,  yet  the  more  t-ast^s  in  wiiieh  absolutely  exaet 
reduiition  is  obtained,  the  greater  will  be  the  decrease  in  the  per- 
centage of  eases  showing  lass  of  function.  We  should,  therefore, 
endeavor  in  each  and  every  case  to  stature  as  accurate  an  anatomic 
result  as  is  possible.  l*roper  operative  tr€*atment  not  only  accom- 
plishes Jiiore  perfect  ajiposition  and  fixation  of  the  fragnn^nts  l>tit 
shortens  the  period  of  disability,  {rives  better  fuuctional  results  and 
lessens  Hie  su tiering  of  the  patient,  Probublif  the  best  time  for 
operation  is  from  seven  to  ten  tUiys  following  the  accident.  This 
allows  the  tissues  to  recover  from  the  initial  shoek  and  gives  time 
for  tile  development  of  local  resistance.  In  operating  on  simple 
fractures  the  surgeon  should  fully  ai>prociate  that  he  is  rendering 
the  condition  eoinpound,  and  that  infeetion  following  open  treat- 
ment is  often  productive  of  much  worse  results  than  would  bt»  tlie 
ease  if  surgical  measures  had  not  been  instituted.  For  this  reason 
the  most  strictly  aseptic  surroundings  are  demanded  and  tlie  oper- 
ator should  be  skilled  in  this  particular  branch  of  surgery.  Those 
unaccustomed  to  l)one  work  should  not  attempt  these  eases.  The 
surgeon  should  possess  a  mechanical  sense  peculiar  to  this  particular 
type  of  work,  and  an  api>reciatiou  of  the  relative  strengths  of  the 
materials  operated  upon  and  employed.  This  mechanical  sense, 
refen^ed  to,  is  easier  to  illustrate  than  to  define.  For  example:  if 
we  observe  an  exi>erienced  media nii'  at  work,  we  never  see  him 
tighten  a  nut  until  the  threads  strip  or  the  shaft  of  the  bolt  twists  in 
two,  and  \v\  lie  tiglitens  nuts  of  all  sizes  and  threads,  each  one 
requiring  a  different  degree  of  force  to  properly  seat  it.  In  like 
manner  the  ex]»ert  eabiuet  maker  saws  and  shapes  his  wootl  to  fit 
the  desired  places  and  yet  a  nail  is  nt-ver  flriven  witho\it  due  consid* 
eration  for  the  strengtli  and  nature  of  the  material  through  which 
it  pajsaes  and  the  function  which  it  is  to  perform,  nor  is  a  screw 
driven  home  so  tliat  the  last  turn  strii>s  the  thready  breaks  the  shaft 
or  causes  tlu*  wood  to  split.  On  the  olhvv  hand,  if  we  watch  the 
apprentice  learning  his  trade,  the  lack  of  nu'chanieal  sense  is  ap* 
parent  in  tli**  frH{|uenry  with  whii4i  he  spoils  materials  and  ruins 
his  tools. 

Any  one  who  has  s<H'n  the  last  screw  of  a  Lane  plate  split  the 
shaft  of  a  bone,  or  a  bone  graft  broken  just  as  it  is  being  brought 
into  position  will  ai>pi'eeiate  the  value  of  this  meebanical  sense  and 
see  what  can  be  learned  by  the  surgeon  from  the  artisan.     One 
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desirous  of  increasing  his  proficiency  in  this  particular  branch  of 
surgery  should  obtain  fresh  bones  from  the  butcher  and  then  with 
chisel,  saw,  nail  and  screw  determine  to  his  own  practical  satisfac- 
tion the  relative  strength  of  bone,  and  just  what  it  will,  and  will  not 
stand.  Later  on  fresh  specimens  from  the  dissecting  room  should  be 
procured  and  the  same  experiments  conducted.  In  addition  the 
various  types  of  fixation  may  be  tried  out  on  different  portions  of 
the  bone  and  the  security  of  the  fixation  tested.  The  difference 
between  cancellous  and  compact  tissue  may  be  appreciated  in  this 
way  and  in  no  other,  outside  the  operating  room.  When  this 
experience  has  been  gained  further  obstacles  to  progress  may  be 
minimized  by  assisting  or  observing  some  surgeon  of  experience 
in  bone  work,  until  a  satisfactory  technique  is  obtained. 

The  question  of  when,  and  when  not  to  operate  in  a  given  case 
depends  upon  the  general  condition  of  the  patient  and  the  degree  of 
reduction  which  is  possible  by  non-operative  methods.  Diseased 
states,  such  as  diabetes,  erysipelas,  advanced  nephritis,  etc.,  offer 
contraindications  to  operation,  in  the  open  treatment  of  fractures, 
the  same  as  they  do  in  other  fields  of  surgery.  If  the  general 
health  of  the  patient  allows  of  an  operation,  the  question  then 
arises:  **Can  an  equally  good  result  be  obtained  by  the  non- 
operative  method  as  is  possible  with  open  treatment?''  and  secondly, 
**Are  the  proper  surgical  surroundings  and  skill  available?'' 

In  conclusion,  then,  we  might  state  that  with  the  proper  health  of 
the  patient  and  available  surgical  facilities,  all  cases  of  fracture 
should  be  operated,  in  which  an  equally  good  result  cannot  other- 
wise be  expected. 

The  site  of  the  operation  should  be  carefully  shaved,  and  painted 
with  a  three  and  a  half  percent  solution  of  iodine  (half  strength  tr. 
iodi)  the  day  preceding  the  operation.  The  parts  are  then  covered 
with  sterile  dressings  until  the  time  of  operation.  The  parts  are 
again  painted  with  tincture  of  iodine  (five  percent)  before  the 
incision  is  made.  As  soon  as  the  skin  is  divided  the  cutaneous  edges 
should  be  covered  with  gauze  or  towels  which  are  secured  in  position 
by  small  tenaculae,  thus  preventing  infection  of  the  deeper  struc- 
tures from  the  cut  edges  of  the  skin.  Rubber  gloves  are  demanded, 
the  hands  should  be  kept  out  of  the  wound,  as  far  as  possible,  and 
instruments  having  come  in  contact  with  the  gloves  should  not  enter 
the  wound.  In  other  words,  the  most  strict  aseptic  precautions 
should  be  observed  in  every  detail,  gloves  should  be  worn  and  then. 
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while  operating,  the  surgeon  should  consider  his  gloved  hands 
capable  of  infecting  the  wound.  The  danger  in  this  particular  work 
lies  largely  in  the  fact  that  a  glove  may  be  torn  by  one  of  the  serrated 
fragments  while  attempting  reduction,  and  when  this  occurs  the 
pent-up  perspiration  from  the  hand  is  poured  out  into  the  wound. 
A  pin-hole  in  the  glove  may  cause  leakage  onto  the  field  of  operation 
during  the  entire  procedure. 

The  details  of  the  operation  and  the  exact  form  of  internal  fixa- 
tion which  will  best  meet  the  requirements  of  the  case  in  hand  are 
often  only  determined  after  the  bone  has  been  exposed.  The  exact 
nature  of  the  fracture,  with  the  fragments  exposed,  frequently 
appears  different  from  the  conditions  anticipated,  even  though  care- 
ful examination  has  been  previously  made  and  the  X-ray  employed. 
The  surgeon  should,  therefore,  have  a  number  of  appliances  ready 
that  he  may  choose  from  among  them  to  more  perfectly  meet  the 
requirements  of  the  conditions  encountered.  If  an  internal  fixation 
appliance  is  employed  it  should  secure  the  fragments  as  solidly  as 
may  be,  even  to  the  extent  of  sustaining  the  weight  of  the  extremity. 
In  the  subsequent  treatment,  however,  splints  should  be  employed  in 
such  a  manner  as  to  relieve  the  internal  fixation  appliance  from 
as  much  strain  as  possible.  In  other  words,  internal  fixation  should 
never  be  called  upon  to  do  the  work  of  splints  or  other  forms  of 
external  fixation.  The  fact  that  internal  fixation  is  so  often  used 
in  the  open  treatment  of  fractures  does  not  necessarily  indicate  that 
the  objects  of  operation  may  not  sometimes  be  attained  without  its 
employment.  In  some  instances  accurate  engagement  of  the  ser- 
rated ends  of  the  fragments  durin*^  oi)eration,  will  be  sufficient  to 
prevent  lateral  or  overriding  deformity,  and  the  proper  application 
of  appropriate  splints  may  be  relied  upon  to  prevent  angular  dis- 
placement. Reduction  of  deformity  and  fixation  are  thus  obtained 
by  operation,  but  without  the  use  of  any  type  of  internal  or  direct 
fixation. 

It  is  essential  that  the  anatomy  of  the  parts  operated  upon  be 
understood  so  that  important  structures,  such  as  nerves  and  vessels, 
may  be  avoided  and  the  displacing  action  of  the  muscles  attached  to 
the  fragments  may  be  appreciated.  The  internal  structure  of  the 
l)one  should  be  understood  as  well  as  its  surface  form,  since  so  much 
depends  on  the  nature  of  the  portion  of  the  bone  operated. 

Irrigation  of  the  wound,  just  before  closure,  with  a  gallon  or  so  of 
hot  sterile  physiolo^rical  salt  solution  will  promote  hemostasis  and 
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tend  to  remove  any  infection  which  might  have  gained  entrance 
during  the  operation.  The  use  of  the  so-called  antiseptic  solutions 
within  the  wound  are  not  only  useless,  but  tend  to  damage  the 
tissues.  When  possible  a  running  suture  of  catgut  should  approxi- 
mate the  muscles  before  the  skin  is  closed.  Deep  through  and 
through  sutures  are  most  objectionable.  The  large  majority  of 
operations  done  on  fractures  pass  through  heavy  muscular  tissue 
which  is  highly  vascular.  Extravasation  of  blood  into  the  wound 
is  almost  sure  to  follow,  even  though  hemostasis  seems  perfect  at 
the  time   of  closure.     Living   blood  within   the   vessels 


distinct  bactericidal  activity,  but  when  extravasated  this  quality 
soon  disappears,  the  result  being  that  collections  of  dead  blood 
within  a  wound  act  as  most  excellent  culture  media,  at  body  tem- 
perature, thus  favoring  subsequent  suppuration.  It  is  evident, 
therefore,  that  fluids  forming  within  the  wound  following  closure 
should  be  allowed  to  escape  at  the  earliest  possible  moment.  If  a 
few  strands  of  silkworm-gut  be  so  placed  within  the  wound  that 
they  act  as  drains,  this  most  important  requisite  will  have  been  ful- 
filled. The  field  of  operation  should  be  inspected  within  twenty- 
four  or  forty-eight  hours  and  gentle  pressure  exerted  in  such  a 
manner  that  any  fluids  which  may  have  collected  in  the  meantime 
will  be  expressed. 


Fie.   823, — M»'tht)ds  of   iisins:  wire  in   tht*  inlernal  fixtition  of  frattures. 

The  Use  of  Wire  has  been  largely  supplanted  by  the  Lane  plate, 
though  it  still  retains  its  ])laee  of  preference  in  certain  fractures, 
notably  those  of  the  olecranon  and  patella,  and  in  some  cases  of 
fractures  in  the  extremities  of  the  long  bones.  The  different  ways 
in  which  wire  may  he  used  are  shown  in  the  accompanying  plates 
(Fig.  823).  In  fractures  near  the  expanded  extremities  of  the 
long  })ones  a  single  loop  of  wire  properly  placed  may  be  sufficient 
to  prevent  displacement  (see  Fig.  825).     In  wiring  the  shafts  of 
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the  long  boiiPH  it  is  almost  rsHriitial  that  two  points  of  fixBtioii 
be  vmployril  to  smiri'  proper  h'Vt*rai:t*  (see  Fig.  ti^^H).  The 
einnilar  wire  ]\i\s  t\w  atlvinitage  of  not  entering  the  medullary 
cavity,  and  of  not  n*quirin*^^  the  di^stnietio!i  of  hone  tissue  by 
drilling.  In  mast  instances  the  firmest  hohl  is  obtained  hy  haviug 
the  wire  i>ass  perpendieularly  through  thr  pUint*  of  fracture 
whether  s[uniL  ubli<jue  or  transverse.  If  the  fraetnre  approaehes 
the  transverse  type  or  the  serrations  are  eoarse  enough  to  permit 
of  firm  engagement  a  single  loop  of  wire  may  be  sufficient  to 
prevent  lateral  dis[>bieement,  angnhir  det'orinity  being  prevented 
by  the  j>roper  use  of  splints. 


I'lt^.    MLJi 


FiKR.    sl.24   and   ^25, — An  exuni[ilv  o,f  Jiuw  n   fcinK'^'  l*^«n  "f   w'rt"  can  In-   initde  Ui  hold 
\hv  r^nil  of  u  bone  in  t^'OMllt^Jn. 

The  essentials  in  the  nse  of  wire  are  firstly,  that  the  nmterial 
be  heavy  euongli  to  withstand  the  strain  to  wbiefi  it  is  subjected, 
and  seeondly,  that  it  be  tirnily  placed  and  neeure  pn>per  leverage 
on  the  fragments.  These  points  are  best  ap|ireeiated  by  refrrring 
to  the  accompanying  diagrams.  Heavy  wire  is  as  well  tolerated 
by  the  tissues  as  if  tfie  material  used  were  light  and  injideijuate. 
Virgin  silver  wire  hns  for  yetirs  lieen  eonsitlered  the  l>est,  but 
recently  bronsit'-ahnininna  wire  lia-s  been  p inferred  by  many,  l)e- 
i^ause  of  its  grvat*^r  hirsion  strength. 

Nails,  Pegs,  Screws  and  Staples  have  all  been  used  to  secure  tije 
fragments  in  posit  km,  but  at  the  present  tinu»  the  tlevelopuieot  of 
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more  per  feet  appliaiices  lias  rendered  their  use  more  limited.  They 
are  only  now  em  ployed  for  llie  pur  pose  of  seeurtniu:  ^  sinalU  dis- 
placed fragment   snefi   as  a   fraetnred   ronilyle,   tuberele  or  tuber- 


Pi(C.   82il.  — Iii>ilvmnMiiJ*   wlrirlii   Iwtvi-  licoii    famnl   of  riin^^ithrtiyklo  MrTvire   In   op«r»tinf 
ou  fmolure'H.      On  ihi*  li-fi  ih  kIiowh   h   hnti  .jawrd   bfmi^  fMrr*<|i*  with   nitcHu't  in  the  handle. 
Bv    meanH    of   thh    incilnniieiK    it    ir»    ofien    i>ii^».iblr    Ut    holil    ihi»    trasm^nts    in    roduction  1 
wniUi    npplyinc    inleniiil    fixntion    (ipjtrarfduH.      Tlup    inHirnnipnts    to    thi*   riRhl    ure   ordiniirjr  ' 
retraptorH  witn  tlie  lyindip  t-nd*  shiMn'it   itnd  drill<'4  so   aLiil   I  hey   miiy   b**  used  in  pssatng 
wire  ubout  lh«  ehufts   of  loHir  T>»ini'H. 

osity.     A  good  ex«uii>le  id'  (lie  appropriate  use  of  a  nail  h  shown 
in  Fig.  21 S).     Tn  Ihi-s  easi-  the  external  eondyle  of  the  humenis  was 


FijE.   ft27, — Tht^    I.an»i   Ikjih*  drill 


broken  olT  and  .so  diH[>laeed  that  the  eUiow  would  have  remained 
useless  if  operation  had  not  been  performed.  Tlie  nail  has  been 
driven  at  right  angles  to  the  displacing  pull  of  tiie  museleii  attaobed 
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to  the  fragment,  and  in  this  position  securely  holds  the  condyle 
against  the  recurrence  of  deformity.  In  the  use  of  nails  the  hole 
drilled  in  the  bone  should  be  only  a  trifle  smaller  than  the  size  of 
the  nail  to  be  used,  otherwise  the  bone  may  be  split  when  the  nail 
is  driven  home.  The  same  holds  true  in  the  use  of  screws,  pegs 
and  staples. 

Screws  and  nails  have  been  used  with  some  success  in  the  treat- 
ment of  fractures  of  the  femoral  neck,  the  nail  or  screw  being 


Fijf.   828. — Bone  forceps. 


Fig.  829. — Bone  forceps. 


driven  through  the  great  troclianter  to  enter  the  neck  parallel  to 
its  long  axis.  The  reason  that  success  has  not  been  more  constant 
in  operating  on  this  j)ortion  of  the  femur  is  because  of  the  soft, 
cancellous  tissue  of  which  the  internal  structure  of  the  upi)er  end 
of  the  femur  is  comj)Osed.  Screws,  nails  and  pegs  depend  for 
their  hold  mainly  on  comj)act  tissue,  and  in  n^gions  of  the  skeleton 
in  which  cancellated  structure  predominates,  little  relianctj  can  be 
placed  upon  them  if  the  displacing  action  is  considerable.  Thus 
when  a  nail  is  driven  into  the  extremity  of  one  of  the  long  bones  it 
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will  usually  be  found  possible  to  tear  it  out  with  the  fingers;  but 
if  the  shaft  is  selected  as  the  site  of  the  experiment  the  nail  will 
be  found  as  solidly  seated  as  if  driven  into  wood.  This  diflference 
is  entirely  dependent  upon  the  disposition  of  the  compact  tissue, 
and  it  is  evident,  therefore,  that  before  a  surgeon  operates  on  a 
given  region  he  should  be  acquainted  with  the  internal  structure 
as  well  as  the  surface  form  of  the  portion  of  the  bone  fractured.  If 
a  nail  or  screw  once  gives  in  cancellous  tissue  the  security  of  fixa- 


Vi\i.  830. — (Jerster's  turn-lmckles  fur  reduoinjr  iliflioult  fractures,  especially  of  the 
Ion?,  liirge  bones  such  us  the  fennir  and  humerus.  They  may  be  used  to  advantage  in 
some  cases  though  it  is  seldom  that  proper  unirulation  of  the  fragments  and  manipulation 
fail  in  accomplishing  reduction  in  the  open  method.  Great  force  can  In*  exerted  bv  this 
mechanism  and   it  should   not  be  used   without  due  retrard  for  the  damage  it  may   inflict. 

tion  is  lost,  Init  on  the  other  hand  a  loop  of  win*  never  releases  the 
fragments  until  entirely  torn  out  even  tli()uj?li  some  displacement 
may  oeeur.  Screws,  like  nails,  depend  on  tlie  compact  tissue  for 
their  hold,  and  it  is  api)arent  that  their  value  decreases  as  the 
ei)ipliyses  are  approached.  Tin*  thread  of  any  screw  used  in  bone 
work  should  continue  to  the  head  and  the  screw  itself  should  be  of 
the  type  used  in  woodwork.  Sherman  has  devised  a  screw  of  the 
machine  tyj)e  with  a  shaft  of  uniform  thicknc^ss  throughout.  The 
end  of  the  screw  is  made  like  a  lap  so  that  it  cuts  its  own  thread  as 
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it  sinks  into  the  bone.  The  principle  is  good  and  the  screw  should 
be  efficient,  though  the  author  has  had  no  experience  with  it. 
When  a  screw  is  driven  home  it  should  not  be  too  tightly  fixed  lest 
it  strip  the  threads  cut  in  the  bone  or  cause  the  subsequent  absorp- 
tion of  compact  tissue  through  too  great  stress.  Ivory  pegs  are 
practically  unused  at  the  present  time.  Nails  and  screws  should 
be  made  of  steel  and  either  nickel  or  silver  plated. 


Fie.   831. — Appliance  for  holdini^  plate  in  position  while  Kcrews  are  being  placed.     It 
also  holds  fracture  in  reduction. 

The  Four-post  Clamp. — Numerous  modifications  of  the  four-post 
clamp  have  been  devised  and  usihI  with  more  or  less  success  though 
they  have  been  almost  entin^ly  suj)erseded,  in  the  last  few  years,  by 
the  Lane  plate.  Notable  among  the  variations  of  the  four-post 
clamp  is  the  one  devised  by  Parkhill  in  which  the  fragments  are 
held  in  alignment  by  four  long,  threaded,  steel  rods.  These  rods 
are  screwed  into  drill  holes,  two  on  either  side  of  the  fracture,  and 
held  togeth(»r  at  their  superficial  (»nds  l)y  a  special  locking  device 
(see  Figs.  832  and  833).  The  four  posts  must  be  in  the  same  plane 
and  parallel  to  each  otlier  in  order  that  this  particular  locking 
device  may  securely  hold  them;  it  will  n»adily  be  seen  that  this 
type  of  appliance  is  difficult  of  application. 

Some  other  modifications  of  the  four-post  clamp  do  not  require 
that  all  the  posts  should  b(»  parallel,  althoujrh  it  is  necessary  in  all 
types  that  they  be  in  the  same  plane.  Excellent  results  have  been 
secured  by  using  the  four-post  clamp,  and  it  will  be  found  at  the* 
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present  time  the  most  mitisfiietory  uiethoc],  next  to  the  Lane  plate, 
of  securing  some  forms  of  fraetiire.  If  the  rueehanies  of  the  elamp 
be  studied,  and  eomiiared  with  the  phite,  its  infenority  will  be 
apparent*  In  traeing  the  fixalion  Ihroiigh  the  elamp  from  one 
fnigmont  to  the  other  it  will  be  seen  that  there  are  twice  as  many 
]>oint8  of  pas-sil>le  motion  as  compared  with  the  plate.     Thus  a  four- 


Fig.    832. — Slnt\vs    ik    4  uni[i,.<uiiS    M^jitui.    ,.(    1,1.                      li       Note   ln>w    thi»  upper 

tod   of   both   lt>wpr    fraiJjtiH'Taiis   prnjooi    tlnuiij^ki,    iln-    skin.       itu^   imMrl*'    »t    whi(t*h    the  Wfr   is 

li«1d   Jihowpi    the   fin il  tiki--    I'ondiiiun,      rit-hiit*   lHki}ti    a    tew    hdurM   followitii;    injury.  C»»« 
M«n    witli    Dth,   Ljinun    and  ThottiiJiSiui. 


Figr,   H3a.^8(»me  eft«e  att  «hown  in   Pi|r.  i^S'J  uUvr  rtnlurtion  und  »ecurin(r  of  the  frag- 
ra«*nts  by  m<»nnR  of  Freeraftn'ji  HiodifSf'tttion  <*f  fbe  four-po*»t  clfttup. 


post  clamp  has  eigfht  points  of  possiltle  motion,  whereas  a  four-screw 
plate  has  only  four  Tu  addition  to  this  the  four-post  elamp  is  at 
a  disadvantage  heeause  of  the  djstanee  of  the  locking  device  from 
the  houe,  wldeh  meajis  ho  much  leverage  against  tixatiou.  Besides 
the  meehanieal  inferiority  of  the  foor-post  elamp,  it  will  be  ob- 
served that  four  tracts  must  be  left  open  from  the  hone  to  the  skin 
when  the  posts  are  in  position,  which  can  only  mean  increased  risk 
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of  infection  during  the  after-treatment.  It  has  been  elaimed  by 
some  that  the  fonr-post  elanip  possej^ses  n  distiiiet  advantage  in 
that  no  foreign  bixly  is  iiltiiimtely  left  within  the  tlssnes.  This 
arg^urnent  may  seem  sound  theai*etieally,  but  practice  has  proven 


eien 


iE-   H:il^^Srt    Mf    .ShfrmMii')<   nindificntiou   of    L^nt^'s   jiliiitt*   niAimfiKlitred   by    HurTcy 
St  Vu.  of   ehiliidr1|j|itit>     Mttde  of  VnnJidiitm  Rle^U 


beyond  a  clouht  that  eertain  foreip-n  uiaterials  properly  placed 
within  the  tissut's  are  toii^ratml  witliout  the  Hliglitest  disturbances. 
In  the  i>resenin'  of  infeetiou  all  a[>}^l!anees  are  alike  failures, 
wliether  four-post  ehimp>,  jdate,  nai!,  serrw  or  wire.  Jt  will  readily 
be  been,  therefore,  that  the  diffienlty  of  application,  nieehaiiical  iu- 
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feriority  and  increased  risk  of  infection  render  the  four-post  clamp 
a  much  more  imperfect,  appliance  than  is  the  Lane  plate. 

The  Lane  Plate. — Lane's  method  of  internal  fixation  of  the  frag- 
ments is  accomi)lished  by  means  of  cold-rolled  steel  plates  and 
screws  as  shown  in  Fig.  834.     The  most  rigid  asepsis  i3  observed 


Fig.  835. — Comparison  of  tht^  wood  screw  ordinarily   used  with  the  Lane  plate,  and 
Sherman's  "tap-screw."      (After  Sherman  in  Surg.,  Gynecol,  d  Obttet.) 


Screwdriver;  tpedM  constructioii  to  fit  t^  acrewt. 
Center  pcint  fixes  toew  and  insures  vertical  and  direct 
driving. 

Vanadium  stcd  seU-tappint  (fluted)  screws.  Three 
flute*  are  provided  at  end  of  each  screw,  thus  combinin: 
a  tap  and  screw. 

Fisi.    H:U). —  (After    Sherman    in    Surff.,    (hjnrcn}.    if-    Ob«tet.) 


during  the  entire  procedure.  As  soon  as  the  incision  is  made,  the 
skin  edges  are  protected  and  other  precautions  taken  to  prevent 
infection  as  previously  described  on  page  756.  The  incision  is 
carried  down  to  the  bone  and  the  fragments  cxjiosed,  brought  back 
into  alignment  and  held  in  apposition  by  means  of  a  heavy  clamp 
of  special  design.     A  plate  of  appropriate  size  is  then  placed  and 
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held  against  tho  bon**  by  the  chiiiqn  Holes,  sliM:hlly  8nia!lor  than 
the  screws  to  he  nsf*(1,  are  rlrillt'd  in  the  hone  edn'espanding  in 
position   to  the  o[H'nin*r8  in    the   plate.     Serews   aiv   then   driven 


W\e,  837.     I-.- ...  I.-. 
•t   whirh   the   bnak    u^tiulU    t  i 
Juno,    1912.) 


I  ■  ■:-      .,.  ,i.|...i;      r;  ^M-         Not,*    ihr    JMillt 


Fi|t.    831^. 


rig.   Hm). 


Fig,    »iO. 


Fig.   d4l. 


Flf.  838, — A.   t\  view  of  frBtture  of  both  b<mc«  of  leg. 

F\g.   839. — LfittTnl   vi«»w  of  RBme  ca*e. 

¥ig.   B40. — 8ama  catsv^  two  ypars  Uter. 

Fig.  841.^ — Another  view  of  »Bme  cai»e  nt   tlm**  Fi|f.  840  wrs  Uken. 

home,  seenring  the  plate  to  the  hone  whieh  in  turn  iniinohilizes  the 
fragments.  The  deep  struetnres  are  then  approximated  hy  eatgut 
and  the  skin  ineiijiou  is  elosed.     Drainage  l>y  means  of  silkworm* 
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gut  should  be  establislied  for  the  first  twenty-four  or  forty-eight 
hours  to  allow  the  escape  of  fluids  whieh  may  collect  within  the 
wound.  The  plate  should  be  accurately  shaped  to  the  surface  of 
the  bone  before  being  screwed  into  position.  It  should  be  so  bent 
as  to  come  in  contact  with  the  bone  throughout  its  entire  extent 
without  special  stress  at  any  given  point.  If  the  plate  has  been 
siH'urely  fixed  and  the  proper  aseptic  precautions  ol)served  through- 
out the  operation,  it  will  remain  in  position  indefinitely  without 
giving  rise  to  trouble.  In  the  extremities  of  the  long  bones  the 
plate  is  not  as  efficient  because  of  the  thinness  of  the  compact  tissue 
on  which  the  screws  depend  for  their  holds.  A  simple  wire  loop, 
properly  placed,  will  often  hold  the  fractured  extremity  of  one  of 
the  long  bones  in  position  more  securely  tlian  the  plate.  The  Lane 
plate  should  never  cross  an  epiphyseal  cartilage  because  of  the 
possibility  of  disturbing  the  subsequent  growth  of  the  bone.  A 
screw  should  never  be  placed  closer  than  one-fourth  of  an  inch 
from  the  end  of  a  fragment;  the  nearer  the  screws  are  placed  to 
the  line  of  fracture  the  greater  the  danger  of  splitting  the  bone. 
Platen  of  various  sizes,  shapes  and  weights  have  been  designed  by 
Lane  to  meet  the  requirements  in  different  portions  of  the  skeleton 
and  may  be  secured  from  the  instrument  dealer. 

Absorbable  Suture  Material  is  employed  and  strongly  advocated 
by  some  surgeons  for  certain  fractures  in  wliich  the  displacing 
strain  is  not  pronounced.  Excellent  results  liave  followed  its  use 
in  many  cases,  in  other  instances,  liowever,  the  nature  of  the 
material  has  been  responsible  for  a  repetition  of  the  operation 
because  of  tlie  n»currence  of  deformity.  The  nature  of  the  fixation 
required  is  so  different  from  that  to  be  fulfilled  in  the  approxima- 
tion of  soft  tissues  that  one  should  not  employ  absorbable  material 
lightly  and  without  due  consideration  for  its  shortcomings  as  w^ell 
as  its  one  advantage  of  being  absorbable.  Tt  should  be  remembered 
that  the  most  important  time  for  fixation  does  not  commence  until 
eight  or  tim  days  after  the  operation  when  the  bony  callus  begins 
to  form.  It  is  just  about  this  time  that  absorbable  material  is 
beginning  to  lose  its  strength,  and  if  it  releases  its  hold  within  the 
first  two  or  three  wet^ks  anotlier  operation  may  be  necessary.  The 
edges  of  the  drill  holes  may  cut  the  sutun*  material  before  the 
callus   is   sufiiciently   strong   to   hold    the    fragments   in    position. 

The  so-called  '*ten  day''  and  *' twenty  day"  chromicized  catgut 
does  not  always  correspond  to  the  label,  in  the  time  which  it  takes 
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for  tile  material  to  be  rrnioved  by  absorption.  Ten  to  twenty  days 
is  more  than  amp>le  for  the  proteases  of  healing  in  soft  tissues 
under  aseptic  conditions.  Bone,  however,  requires  a  lougrer  period 
in   vvhirh  to  unite.     If  the  .suture  material   becomes  soft   and   lax 


Fi^{,   842. — Tibiw    from    which    I.riiH?    pUw    hnn    Jweii    rrmuverl    tM^cnuKe    of    lufertion. 
Non-union    pri'Ment    in    npite    of    hetivy    enllus    Keen    in    plale.      Note    the    Abflorption    of 


within  a  wei4t  nr  two,  motion  may  oeeur  between  the  fragments  and 
delayetl  or  non-union  nmy  follow.  Tlie  surgeon,  in  tlie  meantime, 
is  laboring  under  the  false  impression  that  the  fragments  w^ere 
securely  and  permanently  fixed  at  the  time  of  operation.     In  addi- 
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tion  it  might  l)e  stated  that  ehroinie  g\it  is  not  as  easy  of  steriliza- 
tion as  are  metallic  substances,  such  as  wire,  and  the  Lane  plate. 
Absorbable  suture  material  is  more  commonly  used  in  repair  of  the 
patella  and  olecranon  than  in  other  regions.  The  purpose  is  accom- 
plished in  either  of  these  two  parts  by  suturing  the  torn  fasciae 
attached  to  the  fragments  rather  than  by  direct  suture  of  the  bone. 

In  con(*lu8i()n  it  might  be  stated  that  absorbable  suture  has  the 
advantages  of  bc»ing  (»ntirely  removed  aft(»r  it  has  accomplished  its 
purpose,  but  it  is  so  insecure  that  it  had  better  be  discarded,  in 
most  cases,  in  favor  of  some  metallic,  mechanical  material. 

The  subject  of  the  open  treatment  of  fractures  cannot  be  con- 
sidered comi)lete  without  entering  into  the  us4»s  and  indications  of 
bone  transplantation.  It  is  not  impn)bable  that  many  of  the  estab- 
lished methods  in  operating  on  fractures  will,  in  the  near  future, 
be  r(»vis<»d  or  ev(»n  dis<*arded  when  the  possibilities  and  uses  of 
bone  grafting  become  better  known  and  further  developed.  Bone 
transplantation  will  be  taken  up  in  the  following  chapter. 


CHAPTER  LX. 
BONE  TRANSPLANTATION. 

One  of  the  most  important  developments  of  surgery  in  recent 
years  is  the  transplantation  of  bone  to  fill  in  deficiencies  in  the 
skeleton  which  have  resulted  from  injury  or  disease.  As  a  sur- 
gical procedure  it  has  become  well  established  in  spite  of  the  fact 
that  the  fundamental  underlying  principles  are  as  yet  by  no  means 
established.  The  three  theories  which  have  had  the  greatest  fol- 
lowing are  those  of  Axhausen,  Macewen  and  Murphy,  and  the  very 
diversity  of  these  theories  points  unmistakably  to  the  fact  that  the 
subject  has  yet  to  be  explored  and  the  actual  facts  determined. 
Axhausen  maintains  that  the  bone  composing  the  graft  invariably 
dies,  and  is  absorbed  and  replaced  by  new  bone  formed  from  the 
periosteum  surrounding  the  transplant.  According  to  this  theory 
the  periosteum  is  all  that  remains  of  the  original  transplant,  and 
the  success  of  the  operation  depends  entirely  on  this  membrane. 

Macewen  of  Glasgow  is  of  the  opinion  that  the  graft  is  repro- 
duced entirely  from  the  osteoblasts  within  the  transplant,  and  that 
the  periosteum  has  nothing  to  do  with  regeneration  of  bone,  but 
acts  only  as  a  limiting  membrane  preventing  the  osteoblasts  from 
penetrating  the  surrounding  tissue. 

Murphy  of  Chicago  states  that  the  graft  acts  only  as  a  scaffold- 
ing for  the  production  of  new  bone  by  the  osteogenetic  elements 
which  pass  from  the  living  bone  into  the  transplant  at  the  points 
of  contact.  In  other  words,  he  maintains  that  the  graft  is  not 
osteogenetic  but  only  osteo<*onductive,  and  that  therefore  the  solid 
contacting  of  the  graft  with  living  bone  is  the  important  point, 
and  not  the  activity  of  the  periost(»um.  It  is  i)robable  that  each 
of  these  theories  contains  some  truth  but  that  no  one  of  them  is 
entirely  correct.  Since  the  setting  forth  of  these  theories  much 
experimental  work  has  been  done  on  the  subject,  and  although 
much  valuable,  practical  information  has  been  gained  in  this  way 
yet  the  ultimate  fate  of  the  graft  has  not  been  conclusively  de- 
termined.    From  a  practical  standpoint  we  are  not  so  much  in- 
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terested  in  the  theories  as  we  are  in  knowing  the  conditions  under 
which  bone  may  be  successfully  transplanted  to  fill  in  defects  in 
the  skeleton.  Moreover  it  is  not  sufficient  to  know  that  under  cer- 
tain conditions  the  operation  may  be  successfully  performed  but 
we  must  know  just  which  methods  will  give  the  highest  percentage 
of  success,  and  just  what  conditions  are  most  likely  to  interfere 
with  the  ** taking*'  of  the  graft. 

In  order  that  we  may  develop  the  practical  side  of  the  subject 
we  must  examine  into  the  results  obtained  in  some  of  the  more 
recent  experimental  work  and  consider  these  facts  together  with 
the  theories  just  referred  to  and  what  we  know  of  the  embryonic 
development  of  bone  and  the  repair  of  fractures.  Following  frac- 
ture certain  tissues,  as  far  as  we  can  determine,  resume  their  em- 
bryonic function  and  produce  bone  to  repair  the  lesion.  In  the 
embryo  the  bone-forming  tissues  seem  to  be  the  periosteum  and 
the  osteoblast,  but  whether  or  not  the  bone-forming  properties  of 
the  periosteum  are  inherent  to  this  membrane  or  are  dependent  on 
the  osteoblast  cannot  be  stated.  The  bone  cell  is  developed  from 
the  osteoblast,  and  in  the  presence  of  fracture  it  is  not  improbable 
that  the  bone  cell  reverts  to  its  embryonic  role  and  produces  bone 
provided  circulation  is  not  destroyed.  It  would  therefore  seem 
that  in  the  repair  of  a  fracture  ossification  of  the  soft  callus 
emanates  from  three  sources:  namely,  the  periosteum,  the  endos- 
t€um,  and  from  the  osteoblasts  within  the  bone  near  the  frac- 
tured surfaces  of  the  fragments.  If  the  bone-forming  properties 
of  the  periosteum  and  endosteum  depend  on  the  osteoblasts  then 
the  process  of  ossification  resolves  itself  into  one  word,  viz.,  osteo- 
blast, A  transplant  might  be  considered  as  an  ordinary  fragment 
if  it  were  not  for  the  fact  that  its  circulation  has  been  disturbed 
by  being  removed  from  its  original  position.  This  is  a  most  im- 
portant matter  since  the  life  of  the  bone  cell,  and  hence  of  the  bone 
itself,  depends  on  an  ade(juate  circulation.  It  is  an  established  fact 
that  if  a  section  of  periosteum  be  stripped  up  from  the  bone  and 
transplanted  into  other  tissue  (muscle  for  example),  it  is  capable 
of  living  and  producing  bone.  Now-  a  normal  bone  receives  its 
circulation  from  three  sources:  the  periosttMim,  endosteum  and  the 
direct  raniifications  of  the  nutrient  vessel  or  vessels.  In  remov- 
ing a  graft  the  branches  of  the  nutrient  artery  are  of  course  put 
out  of  function,  but  if  the  periosteum,  when  transplanted,  can 
continue  to  live  and  reestablish  its  circulation,  it  is  capable,  to  a 
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greater  or  less  extent,  of  taking  eare  of  the  attached  bone  and  its 
contained  bone  cells.  In  considering  the  circulation  of  the  graft 
and  its  periosteum  it  should  be  remembered  that  the  function  of 
circulation  (namely,  the  supply  of  oxygen  and  nutrition  and  the 
removal  of  waste  products)  can,  to  some  extent  be  directly  ac- 
complished by  diffusion,  osmosis,  dialysis  and  infiltration  within 
the  fluids  surrounding  and  pervading  the  transplant.  A  graft 
stripped  of  its  periosteum  may  live,  when  transplanted,  but  the 
chances  of  its  doing  so  are  much  less  than  when  the  membrane 
is  left  attached.  A  periosteum-free  transplant  is  more  likely  to 
survive  if  broken  up  into  small  pieces,  since  the  fluids  thus  obtain 
freer  access  to  the  bone  cells.  On  the  other  hand  it  is  well  known 
that  under  favorable  circumstances  dead  bone  (sterilized  by  boil- 
ing and  hence  killed)  has  been  successfully  grafted  into  defects  in 
the  skeleton  and  wliat  would  seem  still  more  remarkable  inorganic 
materials,  such  as  bars  of  magnesium,  have  been  placed  between 
the  fragments  and  been  replaced  by  strong  living  bone.  The 
chances  of  transplanted  bone  living,  whether  periosteum-covered 
or  not,  are  increased  when  it  is  firmly  contacted  with  living  bone. 
These  facts  would  seem  to  indicate  that  Murphy's  theory  is  cor- 
rect, in  as  far  as  ossification  may  take  place  from  osteogenetic  ele- 
ments passing  from  the  ends  of  the  fragments  into  the  substance 
of  the  graft.  Magnesium  as  a  graft,  however,  has  had  only  fair 
success  even  in  regions  of  greatest  vascularity,  such  as  the  face. 

It  would  seem  apparent  therefore  that  the  periosteum,  endosteum 
and  the  osteoblast  (whether  situated  iii  the  graft  or  in  the  frag- 
ments) are  each  capable  of  producing  bone  under  favorable  cir- 
cumstances and  that  therefore  the  technique  most  favorable  to  the 
activity  of  all  of  these  elements,  will  show  the  highest  percentage 
of  success. 

The  transplant  does  not  need  to  be  as  heavy  as  the  section  of 
bone  which  it  is  to  replace.  If  the  operation  is  successful  and  the 
transplant  lives,  it  will  increase  in  diameter  until  it  is  capable  of 
pro])erly  withstanding  the  full  strain  to  which  the  bone  is  normally 
subjected.  This  increase  in  size,  however,  is  more  or  less  depend- 
ent on  the  use  of  the  member  after  the  graft  has  solidly  united. 
In  other  words,  if  the  member  into  which  the  graft  is  placed  is 
kept  at  rest  and  not  subjected  to  strain  after  union  of  the  trans- 
plant, the  volume  of  the  graft  cannot  be  expected  to  increase  in 
size  to  properly  take  up  its  function.     This  means,  therefore,  that 
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after  union  lias  taken  place  the  member  should  be  graduaUy  sub- 
jected to  increasing  strain  until  the  transverse  diameter  of  the 
graft  has  augmented  sufficiently  to  take  up  its  full  function.  The 
progress  of  this  growth  is  best  determined  by  R<3ntgenogram8  taken 
at  intervals  during  the  after-care  of  the  case. 

In  obtaining  a  graft  only  a  portion  of  the  diameter  of  the  shaft 
from  which  it  is  taken  should  be  removed,  since  if  a  section  of  bone 
including  the  entire  diameter  with  its  periosteum  is  removed,  re- 
pair of  the  defect  with  bony  tissue  cannot  be  expected.  When  a 
section  of  bone  is  taken  from  the  tibia  as  shown  in  Figs.  846, 
847  and  848,  the  space  left  in  the  crest  of  the  shin  is  entirely 
repaired  and  filled  in  with  living  bone. 

Experience  has  demonstrated  that  the  procedure  is  most  suc- 
cessful when  the  graft  is  taken  from  the  same  person.  If  this  is 
not  possible  the  nearest  blood  relative  should  be  chosen.  The  pros- 
pect of  failure  is  so  great  when  the  graft  is  taken  from  one  of 
the  lower  animals  that  this  source  has  been  entirely  discarded. 

In  order  that  we  may  arrive  at  a  practical  working  knowledge 
of  the  subject  we  must  review  the  established  facts  as  determined 
by  clinical  experience  and  experimental  work  and  apply  them  ac- 
cording to  the  principles  of  modern  aseptic  surgery,  so  that  in 
a  given  case  the  most  favorable  conditions  for  the  operation  may 
be  obtained.  The  most  favorable  conditions  may  be  summed  up 
as  follows: 

1.  Absolute  asepsis.  The  most  rigid  asepsis  should  be  observed 
throughout,  in  exposing  the  fragments,  in  obtaining  the  graft  and 
finally  in  placing  it  in  position  to  fill  in  the  defect.  The  graft 
should  not  come  in  contact  with  the  gloved  hand  and  the  gloved 
hand  should  not  be  introduced  within  the  wound  if  possible  to 
avoid  it.  The  subject  of  asepsis  has  been  considered  under  the 
heading  of  *'Tlie  Open  Treatment  of  Fractures''  (Chapter  LIX, 
page  758).  One  should  never  attempt  bone  grafting  in  the  pres- 
ence of  a  discharging  sinus  or  infection  of  any  kind.  After  the 
sinus  or  diseased  area  has  healed  tlu*  operation  may  be  attempted. 

2.  The  use  of  an  autoplastic  periosteum-covered  transplant. 

;i.  The  solid  contacting  of  transplant  with  living  bone;  at  both 
ends  if  possible. 

4.  It  is  ess(»iitial  that  the  transplant  he  covered  with  viable  soft 
tissue.  The  thicker  the  edges  of  the  incision  the  more  soft  tissue 
there  will   he  to  close  over  graft. 
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5.  The  avoidance,  as  far  as  possible,  of  non-absorbable  material 
in  fixing  the  graft  in  place.  We  cannot  expe(*t  a  graft  to  show  as 
much  resistance  as  is  possessed  by  a  fragment  with  intact  circula- 
tion. 

6.  The*  graft  should  have  a  function  to  perform  as  previously 
explained.  A  graft  will  not  develop  or  may  even  be  absorbed  if 
not  subjected  to  some  strain  after  union  has  taken  place. 

7.  In  obtaining  the  graft  the  entire  diameter  of  a  shaft  should 
not,  as  a  rule,  be  removed.  It  interferes  with  regeneration  of  the 
defect  thus  made. 

Indications. — The  conditions  in  which  bone  grafting  is  indicated 
are  numerous  and  the  future  will  probably  disclose  additional  uses 
for  this  procedure.  There  are  three  classes  of  conditions  which 
most  frequently  call  for  bone  grafting. 

1.  To  fill  in  defects  in  the  skeleton. 

2.  To  produce  union  between  fragments  where  non-union  has 
existed. 

3.  For  the  immobilization  of  joints  and  the  support  diseased 
parts. 

1.  The  types  of  skeletal  defects  are  numerous  and  arc  classified 
according  to  the  etiologic  element.  They  may  be  the  result  of  con- 
genital defects,  destructive  infections,  tumor  formations  and 
trauma.  From  the  standpoint  of  fractures  and  dislocations  we 
are  interested  only  in  bony  defects  resulting  from  trauma.  In 
severe  compound  comminuted  fractures  a  large  section  of  a  bone, 
more  commonly  its  shaft,  may  be  destroyed  and  if  the  parts  become 
infected  (as  they  so  frequently  do,  seeing  that  the  injury  is  sus- 
tained under  septic  conditions)  additional  bony  tissue  may  be 
destroyed.  The  end  to  be  attained  in  sucli  cases  is  to  clear  up 
the  inf(»ction  and  obtain  liealing  of  the  wound.  If  necrotic  bone 
is  present  it  should  be  removed.  (See  following  chapter  on  the 
treatment  of  compound  fractures  and  luxations.)  When  the  parts 
are  thoroughly  healed  an  atteinpt  should  be  made  to  fill  the  bony 
defect  by  bone  grafting.  The  most  satisfactory  technique  will 
usually  be  found  to  be  the  medullary  graft  or  the  inlay  graft  as 
described  by  A I  bee. 

2.  Non-union  is  a  condition  which  in  many  cases  can  only  be 
corrected  by  bone*  grafting.  After  non-union  has  existed  for  some 
time  the  ends  of  tin*  fragments  become  sclerosed  and  often  ebur- 
nated  and  seem  to  lose  their  power  of  forming  bone  or  at  least 
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are  too  dense  to  allow  tlu*  penetration  of  bone- forming  elements. 
Under  sueh  conditions  bone  grafting  is  the  only  way  in  whieh  union 
can  be  obtained.  The  medullary  and  inlay  grafts  are  the  most 
satisfactory  methods  of  transplanting  bone  to  correct  non-union. 
The  inlay  graft  seems  to  be  gaining  favor  over  the  medullary  trans- 
plant in  this  type  of  work,  although  the  technique  is  more  diflBeult 
and  requires  more  special  apparatus. 

3.  For  the  purposes  of  support  and  arthrodesis  bone  transplan- 
tation is  rarely  called  for  in  the  treatment  of  fractures  and  dis- 
locations. Instability  of  the  knee  joint  following  injury  can,  as  a 
rule,  be  corrected  by  rei)air  of  the  crucial  and  lateral  ligaments. 

Technique. — Bone  grafting  is  by  no  means  a  new  subject  but  it 
is  only  within  the  last  few  years  that  it  has  l>een  widely  employed 
and  this  is  because  of  the  improved  results  obtained  by  the  more 
recent  technirjue.  It  is  apparent  that  in  the  evolution  of  a  subject 
such  as  this  a  great  variety  of  methods  are  evolved  and  discarded 
before  a  satisfactory  technicpie  is  finally  developed.  A  detailed 
description  of  some  of  the  older  methods,  therefore,  would  be  of  in- 
terest from  an  historical  standpoint  only.  Among  those  which 
have  been  most  prominent  might  be  mentioned  the  following: 

1.  The  transplantation  of  living  bone  chips  to  fill  in  defects. 
As  much  of  the  periosteum  as  possible  should  be  left  attached  to 
each  chip.  This  method  is  deficient  in  that  it  does  not  afford 
fixation  and  the  maimer  of  contacting  between  the  chips  and  frag- 
ments is  more  or  less  haphazard.  The  failures  accompanying  this 
method  are  nnich  greater  than  when  more  recent  technique  (to  be 
discussed  later)  is  emi)loyed.     It  is  now  obsolete. 

2.  The  transi)lantation  of  dead  bone,  either  as  chips  or  in  one 
large  fi'agment.  This  method  does  not  give  as  high  a  percentage 
of  success  as  the  transplanting  of  living  bone  chips  and  is  not  em- 
ployed at  the  present  time. 

8.  The  transplantation  of  bone  or  periosteum  by  means  of  the 
flap  method  in  which  the  graft  is  raiscMl  from  one  region,  turned 
on  its  pedicle  and  inserted  into  the  bone  in  which  the  defect  is 
to  be  filled  in.  This  technique  is  difficult,  limited  in  application 
and  shows  no  advantage  over  the  use  of  the  free,  periosteum-cov- 
ered transj)lant.  It  is  for  the  most  ])art  discarded  at  the  present 
time  although  there  are  certain  conditions  in  w^hich  it  may  be  used 
to  advantage.  Prominent  among  these  is  the  filling  in  of  defects 
in  the  tibia  by  using  the  fibula  of  the  same  leg  and  in  filling  in 
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defects  in  one  of  the  bones  of  the  forearm  ])y  a  f>:raft  taken  from 
the  other  bone.  This  will  be  discussed  later  under  *' Regional 
Technique. ' ' 

4.  The  jrrafting  of  foreign  materials  into  defects.  Some  remark- 
able work  has  been  done  along  these  lines.  Magnesium  has  been 
grafted  into  the  defect  and  been  absorbed  and  replaced  by  living 
bone.  A  silver  framework  has  been  made  to  replace  a  large  sec- 
tion of  the  lower  jaw  and  after  being  placed  in  position  has  been 
surrounded  by  bone,  but  such  a  result  cannot  be  expected  in  any 
but  the  most  vascular  regions  such  as  the  face  and  even  then  failure 
is  likely  to  result.  Absorbable  and  non-absorbable  materials  have 
been  discarded  in  favor  of  the  living  periosteum-covered  trans- 
plant. 

We  are  warranted  in  employing  only  the  methods  which  are 
known  to  produce  the  highest  percentage  of  success.  At  the  pres- 
ent time  the  transplantation  of  a  large,  free,  periosteum-covered 
transplant  is  the  method  which  produces  the  best  results.  The 
manner  in  which  this  may  be  accomplished  has  varied  in  the  hands 
of  different  surgeons  and  according  to  the  region  involved.  The 
technique  of  modern  bone  transplantation  in  the  treatment  of  frac- 
tures may  be  considered  under  the  following  headings: 

1.  The  medullary  graft  or  dowel  method. 

2.  The  inlay  graft. 

3.  Regional  or  special  technitpie   in   which   the  procedure  is 

adapted  to  certain  regions. 

1.  The  Medullary  Graft  or  Dowel  Method. — It  would  seem  un- 
necessary to  repeat  that  first  class  op(»rating  room  facilities  should 
be  available  and  that  the  surgeon  be  experienced  in  bone  work. 
These  conditions  and  the  observance  of  the  most  rigid  asepsis  arc 
essential. 

The  fragments  are  expased  and  the  ends  freshened  with  saw, 
chisel,  burr,  gigli  saw  or  motor  saw  according  to  the  preference  of 
the  surgeon.  The  older  the  fracture  the  more  important  is  this 
freshening  of  the  ends  of  the  fragments.  If  tlie  ends  are  much 
sclerosed  it  may  be  advisable  to  remove  considerable  bony  tissue. 
If  overriding  d(»formity  exists  it  should  be  corre(*ted,  when  possible, 
by  traction  on  the  limb.  In  old  cases  it  may  be  impossible  to 
bring  the  member  back  to  its  original  length  and  in  such  instances 
enough  bone  should  be  removed  from  thc^  ends  of  the  fragments 
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to  allow  the  overridden  fragments  to  be  brought  back  into  align- 
ment. The  medullary  eavity  of  each  fragment  is  then  reamed  out 
with  a  burr  or  drill  to  receive  the  ends  of  the  transplant.  Murphy 
has  devised  si)ecial  buVi-s  for  this  purpose  but  the  author  has  found 
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ig.   843. — Old    iinunit<>(l    fracture    of    tibial    shaft    with    rounding   of    ends    of    frag- 
and   int(>ri)"'^iti<^ii   <>f   (ihrouH   tissue. 

ig.   844. — Same,  after  ends  of  fragments  are  R(|uared  oflf  and  medullary  cavity   in 
ents   reamed  out   to  re<*eive   the   graft, 
'ig.   84r>. — Same,   after   medullary    dowel    graft    has    been    placed    in    position. 


that  th(»  work  may  he  quite  satisfactorily  done  with  an  ordinary 
macliiiiist's  breast  drill. 

Tlie  wound  is  then  lightly  packed  with  j^auze,  which  has  been 
wrun*r  out  of  physiologic  salt  solution,  and  is  thus  protected  while 
the  graft  is  l)cin«»:  obtained.  The  graft  may  be  t^ken  from  the 
fibula,   crest   of  ilium,   upper  third   of  posterior  border  of  ulna. 


BONE   TRANSPLANTATION 


779 


clavicle,  etc.,  but  the  crest  of  the  tibia  is  the  favorite  site  and  unless 
there  is  seme  special  contraindication  the  transplant  should  be 
taken  from  this  bone.     The  tibia  is  exposed  and  the  tibialis  anticus 
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Pig.  846. — Making:  saw  cuts  in  obtaining  medullary  Rraft.  The  diKtanoe  between 
the  saw  cuts  rupreKents  the  length  of  the  desired  graft. 

Fig.  847. — Removing  inedullarv  graft  with  chiKel.  (Jrooves  are  cut  with  the 
chisel  and  deepened  until  the  medullary  cavity  i«  entered.  The  grooves  should  be 
deeply  cut  before  an  attempt  is  made  to  remove  the  graft,  as  otherwise  it  may  be 
split. 

Fig.  848. — Removing  medullary  graft  with  rotary  motor  saw.  (See  Fig.  8.'»r.) 
The  saw  should  be  kept  under  a  stream  of  sterile  salt*  solution  to  prevent  heating  and 
devitalization  of  bone  tissue. 


cut  away  from  that  portion  of  the  external  surface  which  is  to  be 
included  in  th(»  f^raft.  Two  transverse  saw  cuts  are  made  in  the 
crest  of  the  bone,  the  distance  between  them  beinj?  the  lenpfth  of  the 
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desired  graft.  (See  Fig.  846.)  MeehaDic's  dividers  or  calipers 
are  servieeal)le  in  transferring  the  measurement  from  the  injured 
mc»ml)er  to  the  site  from  which  the  graft  is  to  be  taken.  The  graft 
should  l)e  long  enough  to  bridge  the  defect  and  extend  into  the 
medullary  cavity  of  each  fragment  suflficiently  to  obtain  proper 
leverage.  Two  grooves  are  next  made  on  either  side  of  the  crest 
of  the  tibia  and  approximately  parallel  to  it.  The  ends  of  the 
saw  cuts  an»  thus  connected.  A  carpenter's  chisel  (without  the 
wooden  handle)  makes  a  very  satisfactory  instrument  for  cutting 
these  grooves  as  shown  in  Fig.  847.  Care  should  be  exercised  in 
making  these  grooves,  not  to  split  the  graft;  they  should  be  deeply 
cut  before  an  attempt  is  made  to  drive  the  chisel  into  the  medullary 
cavity  and  thus  raise  the  graft  and  separate  it  from  the  rest  of  the 
bone.  The  graft  should  be  about  the  size  of  the  index  finger  if  it 
iato  be  transi)lanted  into  one  of  the  larger  bones,  and  correspond- 
ingly smaller  if  it  is  to  be  used  in  one  of  the  smaller  long  bones. 
The  graft  thus  removed  is  trihedral,  two  of  its  sides  are  covered 
with  periosteum  while  the  third  corresponds  to  the  medullary  cav- 
ity and  is  covered  with  endosteum.  The  ends  are  then  cut  with 
bone  cutting  forceps  so  that  they  will  be  slightly  tapered,  thus 
facilitating  their  introduction  into  the  medullary  cavities  of  the 
fragments  and  insuring  a  good  fit  and  solid  contacting  between 
the  graft  and  the  fragments.  The  transplant  should  be  handled 
only  with  instruments  and  should  be  shaped  and  placed  in  position 
as  rapidly  as  possible.  Washing  the  graft  in  salt  solution  is  not 
advisable.  After  the  graft  is  removed  the  wound  made  in  securing 
it  is  lightly  i)acked  with  moist  gauze,  and  after  the  ends  have  been 
shai)cd  one  end  of  the  transi)lant  is  driven  into  the  reamed  out 
medullary  cavity  of  one  of  the  fragments  until  solidly  seated. 
The  opposite  end  is  then  driv(Mi  into  the  medullary  cavity  of  the 
other  fragment.  When  s<»ated  the  graft  should  afford  considerable 
support  to  \\w  extremity.  If  the  opt^ration  is  done  because  of 
non-union  and  there  is  very  little  loss  of  bony  tissue  the  fragments 
may  come  in  contact  over  the  graft  and  entirely  cover  it.  If, 
howeV(»r,  graftin<^  is  indicated  because  of  loss  of  tissue  in  a  shaft 
as  well  as  non-union,  it  will  be  best  to  shape  the  graft  so  that  the 
fragments  will  solidly  engage  with  it  before  they  come  together. 
(Sec  Fig.  84;").)  The  graft  is  thus  made  to  bridge  the  defect  and 
overcome  shortening  of  the  member.  If  the  shaping  of  the  graft 
is  not  carefully  done  one  or  both  ends  may  slip  into  the  medullary 
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cavity  further  than  desired  and  afford  only  a  loose  seating  and 
allow  shortening  of  the  bone.  This  ti*ouble  can  l)e  corrected,  to 
some  extent,  by  using  nails,  pegs,  sutures,  etc.,  but  there  is  nothing 
which  will  take  the  place  of  a  solid  contacting  at  the  proper 
points.  If  the  graft  enters  a  fragment  too  far  a  hole  may  be 
drilled  transversely  through  the  fragment  and  graft,  and  a  nail 
driven  in  place  thus  holding  the  graft  in  the  desired  position. 
Instead  of  the  nail  a  heavy  strand  of  kangaroo  tendon  may  be 
passed  through  the  hole  and  tied  about  the  end  of  the  fragment. 
What  will  answer  the  purpose  still  better,  especially  if  Albee^s 
doweling  machine  is  at  hand,  will  be  to  secure  additional  bone 
from  the  site  from  which  the  graft  was  taken  and  make  from  it 
a  peg  of  bone  of  proper  size  to  be  driven  into  the  hole  passing 
through  the  end  of  the  fragment  and  transplant.  Foreign  ma- 
terial, especially  that  which  is  non-al)sorbablc,  should  be  avoided  as 
far  as  possible  in  fixing  the  graft  in  position  since  the  resistance 
of  the*  transplant  is  lessened  by  the  circulatory  disturbance  re- 
sulting from  its  removal.  Excellent  results  have  been  obtainetl 
even  when  the  ends  of  the  graft  have  been  secured  in  position 
by  nails  or  wire  but,  as  previously  stated  in  this  chai)ter,  it  is 
incumbent  on  us  to  follow  the  methods  affording  the  highest  per- 
centage of  success  and  the  use  of  foreign  non-absorbable  materials 
in  fixing  the  graft  is  more  likely  to  be  followed  by  trouble  or 
failure  than  when  such  material  is  not  employed.  In  obtaining 
the  graft  the  work  may  be  a  little  more  rapidly  and  neatly  done 
if  a  circular  motor  driven  saw  is  used. 

In  instances  in  which  there  is  considerable  loss  of  bone  and  the 
graft  must  be  depended  upon  to  maintain  the  length  of  the  mem- 
ber without  the  ends  of  the  fragments  coming  in  contact,  the  medul- 
lary graft  is  probably  sui)erior  to  other  methods.  Where  there 
is  not  great  loss  of  bony  tissue  and  the  clement  of  non-union  is  the 
important  factor  better  results  are  claimed  for  the  inlay  graft. 

2.  The  Inlaj/  Graft. —  (Albee's  technitjue.)  The  fragments  are 
exposed  and  the  ends  freshened  as  already  desci'ibed  in  preparing 
the  fragments  for  the  medullary  graft.  It  is  an  extremely  diffi- 
cult matter  to  carry  out  this  technique  without  the  twin  motor 
saw  as  used  by  Albee  and  if  such  is  not  availabl(»  one  had  better 
employ  the  medullary  graft. 

A  longitudinal  incision  is  nuide  through  the  periosteum  and  the 
edges  turned  back  to  expose  the  cci'tcx  of  the  bone  in  which  the 
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gutter  is  to  be  cut  to  receive  the  graft.  Two  longitudinal  parallel 
saw  cuts  are  made  with  the  twin  saws  across  the  plane  of  frac- 
ture and  extending  into  each  fragment  for  a  distance  of  two  and  a 
half  to  three  inches.     These  cuts  pass  through  the  cortex  into  the 
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Kip.  K40. — Inlay  ^rnft  in  place.  Albet-'K  tt'chniquo  in  cases  «»f  non-union.  The 
twin  nit»tor  saws  are  alnioKt  essential  in  cuttinfr  the  i^utter  to  receive  the  graft  and  in 
obtaining  the  );raft   from   the  tibia. 

Fitr.  8.'>(). — Method  of  securing  inlay  graft  in  ])hice  with  kangaroo  tendon  as  advo 
cated   by    A I  bee. 


iihMlullai-y  cavity  of  the  fragments.  Can*  should  be  exercised  in 
using  the  saws  to  sec  that  they  follow  straight  lines  as  otherwise  the 
gutter  will  show  a  lateral  curvature  which  will  be  difficult  to  fit 
with  tli(»  graft.  Albce  advises  that  the  saws  be  adjusted  to  a  dis- 
tance of  -lir,  to  %ii  of  an  inch  from  each  other  according  to  the 
size  of  the  bone  operated  upon.  In  cutting  the  groove  the  saws 
should  be  kei)t  under  a  stream  of  salt  solution  to  prevent  heating 
of  the  bone  which  tends  to  devitalize  it.  The  bone  is  finally  re- 
moviMl  from  the  groove  by  cutting  the  ends  with  a  small  OvSteotome 
so  as  to  make  a  tongue  and  groove.     (See  Fig.  849.)     Either  two 
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or  four  lioleg  fat*rordiiig  to  the  needs  of  the  ease)  are  then  diajzo- 
iially  drilk'tl  throu^di  tlie  eortex  on  both  sides  of  the  groove  and  in 
both  fragments.  These  holes  are  drilled  in  pairs  opposite  ea<*h 
other,  as  shown  in  Fi«:.  849,  and  tlii'oiigh  each  pair  of  boles  is  passed 
a  double  strand  ol'  heavy  kangaroo  tendon.  The  fragments  are 
now  i^eady  for  the  graft*     The  wound  is  then  lightly  packed  with 


Fig,   851. — Mulur   savr   ♦'ijuipineiit    incluiliMg   Iwin   haws. 


Tig.  862. — Dowifliiiff   marhine. 

moist  *:anze  and  the  surgeon  turns  his  attention  to  seeuriug  the 
graft  to  fill  the  flutter. 

The  internal  surfaee  of  the  tibia  is  next  exposed  and  tlu-  dimen- 
sions of  the  (k*sired  graft  are  may>ped  out  on  the  periosteum  witli 
a  sealpel.  The  twin  saws  are  then  employed  (without  ehanging 
their  adjustment)  and  a  strip  of  bone,  the  same  size  as  the  *rutter 
prepared  in  the  fragments,  is  removed.  The  ends  of  this  graft 
are  then  pointed  with  the  saw  to  eonforrn  to  the  ends  of  the  groove 
in  the  fragments.  The  graft  is  next  transferrer!  and  the  wound 
Jilied  with  a  uioist  pack.     One  strand  of  kangaroo  tendon  is  then 
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pulled  up  from  the  medullary  cavity  between  each  pair  of  holes 
previously  drilled  in  the  fragments  and  the  graft  placed  under 
these  raised  strands.  The  ends  of  the  sutures  projecting  from  the 
drill  holes  are  tied  and  the  graft  thus  secured  in  place.  (See  Figs. 
849  and  850.)  The  tongue  and  groove  effect  at  the  ends  of  the 
graft  causes  the  ends  of  the  transplant  to  become  firmly  engaged 
when  extension  is  removed  and  the  muscles  of  the  extremity  con- 


Fijf.   853. 


Fig.   854. 


Fig.   855. 


Fig.  853. — First  step  in  Albee's  technique  in  recent  fractures.  Superficial  cuts 
are  made  with  the  twin  saws  and  then  each  cut  is  finished  with  a  single  rotary  saw- 
so  that  the  section  of  bone  removed  will  be  wedge-shaped. 

Fig.  854. — Second  step.  Short  piece  is  removed  to  be  cut  up  longitudinally  to 
be  used  in  making  bone  pegs  with  the  doweling  machine.     A.  shows  snort  piece  removed. 

Fig.  855. — Third  step.  Long  piece  has  been  slid  to  opposite  end  of  gutter  so 
that  it  crosse.s  the  line  of  fracture  and  is  held  in  place  by  means  of  obliauely  driven 
bone  pegH.     B.  is  a  cross-section  showing  manner  in  which  oblique  pegs  hold  graft. 

tact,  while  the  kangaroo  tendon  sutures  maintain  the  fragments 
and  graft  in  alignment.  The  older  the  ease  of  non-union  and  the 
more  sclerosed  or  eburnated  the  ends  of  the  fragments,  the  longer 
the  graft  should  be,  thus  insuring  bone-forming  activity  by  extend- 
ing well  into  the  substance  of  each  fragment.  It  is  claimed  that 
this  metliod  gives  better  results  in  old  cases  of  non-union  because 
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of  the  greater  surface  of  contact  between  graft  and  fragments.  On 
the  other  hand  it  is  certain  that  the  inlay  graft  does  not  occupy 
as  good  a  position  from  a  mechanical  standpoint  as  does  the  medul- 
lary transplant,  and  when  heavy  muscular  contraction  and  shorten- 
ing are  to  be  overcome  (as  in  fracture  qf  the  femur)  the  latter 
will  be  found  the  safer  technique.  It  is  probably  not  wise  to 
attempt  the  inlay  method  unless  the  motor  saw  equipment  is  avail- 
able. 

Albee's  Technique  in  Recent  Fracture. — Albee  employs  a  modi- 
fied inlay  graft  in  the  operative  treatment  of  recent  fractures. 
The  twin  motor  saw  and  the  doweling  machine  are  essential  to  this 
technique.  The  fragments  are  exposed  and  approximated.  With 
the  twin  motor  saw  (the  blades  being  adjusted  to  about  "^/^q  of  an 
inch  apart)  two  longitudinal  superficial  cuts  are  made  crossing 
the  line  of  fracture  as  shown  in  Pig.  853.  The  saws  should  follow 
straight  lines  and  the  cuts  should  extend  about  twice  as  far  on 
one  side  of  the  plane  of  fracture  as  on  the  other.  A  single  motor 
saw  is  then  used  to  complete  the  cuts  into  the  medullary  cavity. 
The  cuts  are  not  made  in  parallel  planes  but  are  so  placed  that 
the  periosteal  surface  of  the  graft  is  about  one-fourth  of  an  inch 
wider  than  is  the  endosteal  surface.  Thus  by  making  a  wedge  of 
the  graft  it  will  be  impossible  for  it  to  be  displaced  into  the  medul- 
lary cavity.  The  short  piece  of  the  graft  is  removed  and  the 
long  piece  slipped  to  the  opposite  end  of  the  groove  so  that  it 
crosses  the  line  of  fracture.  (Fig.  855.)  The  short  piece  of  the 
graft  is  then  cut  up  with  the  motor  saw  and  converted  into  pegs 
with  the  doweling  machine.  Oblique  holes  are  next  drilled  into 
the  fragments  on  each  side  of  the  graft  and  the  bone  pegs  driven 
home  so  that  their  ends  project  over  the  graft.  (See  Fig.  855.) 
Good  fixation  is  thus  afforded  if  the  technique  is  properly  carried 
out  and  the  great  claim  for  this  method  is  that  no  foreign  material 
is  left  imbedded  in  the  wound.  Albee  recommends  this  method 
as  a  substitute  for  the  Lane  plate. 

3.  Regional  or  Special  Technique, — The  methods  just  described 
will  meet  the  indications  in  practically  all  of  the  fracture  cases  in 
which  bone  grafting  is  indicated.  The  various  modifications  which 
have  been  employed  in  different  regions  of  the  skeleton  have  in 
almost  all  cases  been  devised  to  correct  conditions  resulting  from 
disease  or  defective  development,  and  hence  cannot  be  properly 
considered  as  coming  within  the  scope  of  this  work.     If  the  sur- 
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jC^ofi  af>prwnate«  the  principles  involved  in  bone 
^(raftinK  and  the  technique  of  the  dowel  and  inlav 
^raftu  he  will  be  able  to  modify  his  technique  to 
rriHft  the  exceptional  case.  Some  of  the  more  com- 
irion  variations  may  be  mentioned.  The  entire 
upper  end  of  the  humerus  has  been  replaced  with 
the  upi)er  end  of  the  fibula.  A  lon^tudinal  in- 
cision expom«  the  region  previously  occupied  by 
the  upper  end  of  the  humerus.  The  end  of  the 
fragment  is  freshened  and  its  medullary  cavity 
nmmed  out.  The  upper  end  of  the  fibula  is  next 
expowHl  and  the  length  of  the  desired  graft 
markfHl  on  its  sliaft.  It  is  then  cut  across  and  the 
out  o«d  in^^rteii  into  the  reamed  out  medullary 
oavit^v  <it  th<^  humerus  while  the  ligaments  and 
ww^l^  <^f  tlw*  shoulder  are  sutured  about  the 
n^>|WT  <^<  ^^f  th^  bone  when  placed  in  the  glenoid 
^<*>^ix  N  «  similar  manner  the  lower  end  of  the 
s^5^.^^  1^^  b*H»n  replaced  by  transplanting  the 
Tii^i^  ^^1  of  the  fibula.  The  shaft  of  the  tibia 
i^^v  iK^  ivplaced  by  the  shaft  of  tho  tilnila  without 
g^>M4|4^tely  detaching  the  fibular  sliati  from  its 
siiAirroiuiding  soft  tissue.  The  o(>emtii>u  is  usually 
done  in  two  stages  though  it  may  Iv  done  in  one. 
The  lower  end  of  the  upper  tibial  fragment  is  ex- 
posed, the  end  freshened  and  the  meiiullary  cav- 
ity n»amed  out.  The  upper  end  of  the  fibula  is 
then  divideil  and  carried  across  to  Ih»  iiiserted  into 
the  upper  tibial  fragment  and  the  wound  closed. 
The  siHH>nd  step  of  the  operation  iH>nsists  in  trans- 
planting the  lower  divitUnl  end  of  the  fibula  into  the  lower  tibial 
tVaguieiit.  The  entire*  tibia  has  Ihh^ii  replaivii  in  congenital  ab- 
iionee  of  this  Inme  by  using  the  fibula.  The  upjH^r  end  of  the  fibula 
ia  placeii  against  the  femoral  c»ondyles  while  the  lower  end  of  the 
bone  is  plaetnl  against  the  astragalus.  In  loss  of  Ixmy  tissue  in  one 
of  the  lH>nes  of  the  fori»arm  ^e.g.,  the  shaft  of  the  radius "t  a  section 
of  the  shaft  lias  Invn  raistnl  from  the  ulna  and  grafted  into  the 
radial  deftvt  without  s^»vering  the  ^Hniiele  attaeheii  to  the  trans- 
plant. In  an  ojvration  of  this  kind  only  a  ^H^rtion  of  the  shaft  of 
the  ulna  should  Iv  riMUOvevi.     In  old  uiuinitevi  fracture  of  the  nei^k 


i#> 


m 

(»no    v<    ihe 


^jjuinuau*  of  bone 


BONE   TRANSPLANTATION 


787 


of  the  femur  excellent  results  have  been  obtained  by  driving  a 
graft  taken  from  the  tibial  crest  through  the  trochanter  and  neck 
of  the  bone.     The  principles  involved  are  the  same  as  described  in 


Fig.   858. 


Fig.   859. 


Fig.  857. 

Fig.  857. — LoKs  of  tibial  shaft. 

Fig.  858. — First  step  in  replacing  tibial  shaft  by  shaft  of  fibula.  The  fibular 
shaft  is  divided  and  implanted  into  the  upper  tibial  fragment. 

Fig.  859. — Completion  of  operation.  The  lower  end  of  fibular  shaft  has  been  im- 
planted into  lower  tibial  fragment. 

the  ** Operative  Treatment'*  of  ** Fractures  of  the  Upper  End  of 
the  Femur'*  (page  550),  except  that  a  graft  is  used  instead  of  a 
screw  or  ** screw-plate/'  The  knee  has  been  replaced  by  the  same 
joint  taken  from  a  freshly  amputated  leg  and  the  metatarso- 
phalangeal joint  has  been  excised  and  grafted  into  an  ankylosed 
elbow  of  the  same  patient. 
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It  is  manifestly  impracticable  at  the  present  time  to  enter  into 
all  the  possible  variations  of  bone  grafting  and  a  consideration  of 
the  conditions  in  which  it  may  be  indicated.  If  the  principles  of 
this  procedure  are  understood  and  the  conditions  under  which  it  is 
most  likely  to  be  successful  are  fully  appreciated  the  surgeon's 
mechanical  sense  and  ingenuity  should  be  suflBcient  to  enable  him 
to  modify  his  techniciuc  to  meet  the  requirements  in  a  given  case 
of  exceptional  needs. 


CHAPTER  LXI. 

TREATMENT  OF  COMPOUND  FRACTURES 
AND  DISLOCATIONS. 

The  advent  of  asepsis  and  the  improved  technique  of  recent  years 
has  greatly  reduced  the  percentage  of  bad  results,  previously  so 
high,  following  compound  fractures  and  luxations.  Compound 
fractures  are  common,  but  it  is  unusual  to  see  a  dislocation  which 
exposes  the  joint  except  in  luxations  of  the  fingers.  The  more  com- 
mon luxations  are  almost  invariably  closed. 

The  principles  involved  in  treatment  are  practically  the  same 
whether  the  condition  be  a  fracture  or  dislocation,  and  accordingly 
the  two  conditions  will  be  considered  together.  Immediate  reduc- 
tion is  the  natural  tendency  as  soon  as  the  case  is  seen  but  in 
many  instances  nothing  more  detrimental  could  be  done.  The 
exposed  fragment  or  articular  surface  must  be  considered  infected, 
and  if  immediately  replaced  is  almost  sure  to  be  followed  by  sup- 
puration of  the  tissues  with  which  it  has  come  in  contact.  ^lany 
compound  fractures  and  dislocations  are  produced  by  penetration 
from  without,  and  in  these  cases  we  do  not  have  to  deal  with  a 
projecting  fragment  or  articular  end. 

When  a  compound  fracture  or  luxation  is  first  seen  the  wound 
should  be  covered  with  a  sterile  dressing  and  the  patient  removed  to 
surroundings  in  which  proper  surgical  procedures  can  be  carried 
out.  Sterile  surgical  dressings  may  not  be  at  hand,  in  some  in- 
stances, and  in  lieu  of  these  a  towel  fresh  from  the  laundry  is  a 
safe  substitute  to  use  in  covering  the  wound.  The  heat  of  ironing 
sterilizes  the  towel  fairly  well,  especially  as  done  in  the  modern 
steam  laundry,  and  if  the  towel  is  unfolded  so  that  a  fresh  surface 
comes  in  contact  with  the  wound  there  will  be  little  danger  of  infec- 
tion from  the  dressing,  and  the  wound  will  be  properly  protected 
during  transportation. 

An  anesthetic  is  advisable  in  most  cases.  With  the  patient  in 
the  operating  room  the  dressings  are  removed  and  the  skin  sur- 
rounding the  wound  painted  with  a  five  percent  tincture  of  iodine. 
The  edges  of  the  wound  are  then  inspected,  and  if  lacerated  and 
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devitalized  tissue  is  present  it  should  be  trimmed  away  until  the 
margins  present  healthy  viable  tissue.  If  a  fragment  or  the  artic- 
ular end  of  a  bone  projects  through  the  wound  it  should  be  thor- 
oughly washed  with  sterile  physiologic  salt  solution  until  all  foreign 
material  has  been  removed.  A  few  gallons  of  salt  solution  are  not 
too  much.  The  usual  fault  lies  in  too  little  washing.  After  the 
projecting  bone  has  been  thoroughly  cleaned  reduction  is  eflfected 
and  the  wound  again  washed  with  a  few  gallons  of  sterile  salt  solu- 
tion. Internal  fixation  of  the  fragments  should  not  be  done  at 
this  time.  Foreign  materials  should  not  be  employed  to  secure 
fixation  unless  one  is  sure  of  asepsis  within  the  wound,  and  in 
compound  fractures  the  surgeon  can  never  be  sure  of  this  point. 
It  is  often  possible  to  obtain  a  solid  engagement  of  the  serrated  ends 
of  the  fragments  so  that  the  deformity  does  not  recur  when  proper 
splints  are  applied.  When,  however,  the  fragments  cannot  be  held 
in  good  reduction  it  is  better  to  close  the  wound,  obtain  healing 
of  the  soft  tissues  and  perform  a  secondary  operation  at  a  later  date, 
when  the  danger  of  infection  has  passed.  In  favorable  cases  the 
wound  will  be  healed  within  a  week  or  ten  days  and  the  surgeon 
may  then  expose  the  fragments  by  incision  and  employ  internal 
fixation  as  already  described  in  the  **  Operative  Treatment  of  Frac- 
tures'' on  page  758. 

In  cases  in  which  suppuration  follows,  internal  fixation  can 
accomplish  no  good  and  is  capable  of  doing  considerable  harm. 
There  is  nothing  lost,  therefore,  when  internal  fixation  is  not  em- 
ployed at  the  first  operation  even  in  the  presence  of  recurrent 
deformity. 

The  essentials  in  the  operative  treatment  of  compound  fractures 
and  dislocations  are  the  thorough  and  free  washing  of  the  wound 
and  the  trimming  away  of  lacerated  and  devitalized  tissue.  The 
living  tissues  possess  a  certain  amount  of  resistance  to  infection 
which  increases  during  the  first  few  days  following  the  injury,  but 
devitalized  tissue  and  collections  of  dead  blood  within  the  wound 
possess  no  such  resistance  but  act  only  as  culture  media  for  the 
development  of  the  slight  infection  which  remains  even  after  the 
most  painstaking  attempt  at  removal  and  cleansing.  The  use  of 
antiseptics  within  the  wound,  such  as  solutions  of  bichlorid  of  mer- 
cury, are  not  only  usele<ss  but  actually  harmful.  They  not  only 
have  little  influence  on  the  bacteria  but  materially  reduce  the  resist- 
ance of  the  tissues. 
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By  careful  attention  to  these  two  points  (washing  and  removal  of 
devitalized  tissue)  the  proportion  of  cases  in  which  suppuration 
follows  in  compound  cases  will  be  surprisingly  reduced.  When, 
however,  suppuration  follows  in  spite  of  this  treatment  drainage 
should  be  prompt  and  free,  and  attention  should  be  given  to  the 
cultivation  of  granulation  tissue  so  the  wound  may  heal  from  the 
bottom  in  the  shortest  lime  possible.  The  fact  that  the  wound  is 
infected  does  not  mean  that  the  asepsis  employed  in  the  dressing 
of  the  wound  should  be  anything  but  the  most  rigid.  Even  though 
suppuration  is  present  it  should  not  be  forgotten  that  it  is  possible 
to  introduce  bacteria  of  other  strains  which  are  sometimes  produc- 
tive of  the  most  disastrous  results.  P^or  example  a  compound  frac- 
ture may  be  infected  with  pyogenic  bacteria  and  still  be  making 
good  progress  toward  recovery;  if  some  virulent  infection,  such  as 
erysipelas  or  the  gas  bacillus,  gains  entrance  to  the  wound  the 
termination  may  be  fatal  within  a  short  time. 

The  use  of  the  so-called  antiseptics  within  the  wound  are  as  use- 
less and  harmful  here  as  in  the  initial  treatment  of  the  wound.  The 
chief  concern,  after  suppuration  is  established,  is  in  the  cultivation 
of  granulation  tissue  so  that  the  wound  will  heal  from  the  bottom 
and  cover  the  fragments.  In  order  that  this  may  be  accomplished 
drainage  should  be  free  and  fluids  coming  in  contact  with  the  gran- 
ulation tissues  should  be  isotonic,  and  the  dressings  should  not 
adhere  to  and  tear  the  granulation  tissue  when  removed.  Accord- 
ingly physiological  sterile  salt  solution  should  be  used  in  irrigating 
the  wound,  and  balsam  of  Peru  is  one  of  the  best  materials  to  stim- 
ulate the  granulation  tissue  and  prevent  it  from  adhering  to  the 
dressings.  Infection  in  a  compound  fracture  is  decidedly  detri- 
mental to  union  between  the  fragments,  but  it  does  not  necessarily 
mean  that  non-union  will  take  place.  Many  cases  are  shown  in 
the  preceding  pages  in  which  infection  was  present  and  still  perfect 
union  took  place.  In  some  fractures  there  may  be  considerable 
destruction  of  tissue  in  the  wound  which  renders  the  condition  com- 
pound, and  in  such  cases  it  is  often  advisable  to  do  a  plastic  sliding 
operation  so  the  wound  may  be  closed  even  at  the  expense  of  leaving 
some  adjoining  region  partially  denuded. 

In  compound  luxations  the  cleansing  and  trimming  away  of 
lacerated  tissue  involves  the  same  principles  as  already  described. 
If  suppuration  develops  subsequently  the  joint  should  be  aspirated 
and    injected    with    ^lurphy  's    formalin-glycerine    solution.     More 
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than  one  aspiration  and  injei^'tion  may  hv  neees.sary  dnring  the 
afteiMreatiuent,  especially  if  tlie  joint  leaks  through  the  wound 
following  the  first  injection.  The  solution  injected  is  two  percent 
formalin  in  prlyeerine  and  should  l>e  made  up  the  day  before  it  is 
used.     F^nongli  of  the  finid  shoulci  he  injeeted  to  gently   distend 


Fig.  860. — OmiKreue  iLhllovviuu  I brotTiboht li- 
the articulation.  Muridiy  has  deirioiLst rated  that  this  treatment  of 
suppurative  arthritis  gives  a  inneli  hiifher  pereentage  of  good  fnnc> 
tional  nvsults,  and  should  always  be  tried  out  before  open  drainage 
of  the  joint  m  resorted  to.  When  open  drainage  is  established  the 
result  is  almost  invariably  a  stilf  joint. 

The  results  in  eonipound  fraeturet^  and  dislocations  depend 
largely  on  the  operati\*e  treatment  immediately  following  the 
injury,  and  too  mneh  stress  eannot  be  laid  on  the  thorough  washing 
of  the  wound  and  the  trimming  away  of  lacerated  and  devitalized 
tissue. 
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Abscess  of  brain,  443 

following  fracture  of  skull,  450 
symptoms  of,  443 

diflferential    diagnosis    of,    in    frac- 
ture of  skull,  443 
Absorbable  suture  material,  708 
Acetabulum,  fracture  of,  409 

complicating     dislocation     of     hip, 
520,  524 
Acromion,   fracture  of    (see  Fracture 

of  scapula,  37 ) 
Acute  flexion  of  elbow,  in   treatment 
of  fractures  of  elbow,  144, 
145 
Adjustable  splints  for   fracture  near 

elbow,    148 
After-care   {see  After-treatment) 
After-treatment   in, 

dislocation  of,  ankle,  600 
astragalus,   69S 
calcaneum,  707 
carpo-meta(!arpal    joint,    2M 
clavicle,  inner  end,  10 

out<'r  end,  3(5 
culH)id,  712 

cuneiform,  202    (see  (^arpus) 
cuneiforms    of    tarsus,    712 
elbow,    171 
fingers,  318 
hip,   530 
jaw,  378 
knee,  610 
mandible,  378 
maxilla,  378 
OS    calcis,    707 
phalanges,    of    foot,    720 

of  hand,  318 
radius,  head  of,  182 
scaphoid,  of  carpus,  202 

of    tarsus,    712 
semilunar  cartilages,  502 
shoulder,   70 
spine,   400 

subastragalar   joint,   702 
subcoracoid    of   shoulder,    70 
subglenoid  of  shoulder,   70 
ulna,  lower  end,  240 
upper   end,    176 
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After-treatment,    dislocation — cont'd. 
wrist,  202 
fracture    of, 
astragalus,  608 
calcaneum,  707 
carpus,  202 
clavicle,  28 
cuboid,  712 
cuneiforms,   721 
femur,  lower  end,  784 

shaft,  572 

upper    end,    552 
fibula,  lower  end,  683    {see  Tibia 
and  Fibula) 

shaft,   654 

upper  end,   631 
inferior  maxilla,  375 
jaw,  lower,  375 

upper,  346 
malar,  342 
maxilla,    inferior,    375 

superior,    346 
metacarpals,   306 
metatarsals,   718 
nasal   bones,   332 
oUvranon,    100 
OH   calcis,    707 
patella,  605 

phalanges  of   liand,  312 
radial  and  ulnar  shafts.  228 
radius,    lower   end,   271 

shaft,    228 

upper   end,   202 
ribs,  463 
scaphoid,  202 
scaphoid  of  tarsus,  712 
scapula,   43 
semilunar,  202 
m'milunar  cartilages,  502 
spine,   400 
sternum,   458 
sufM^rior  maxilla,  346 
tibia  and  fibula,  lower  ends,  683 

shafts,  654 

upper    ends,    631 
ulna,  lower  end,  235 

shaft,  228 

upper  end,  195 
zygomatic  arch,  342 
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Al)let»'8,  inlay  jjraft,  781 

inlay  graft  in  n»cent  fractures,  785 
Allis'  *  methwl    of    rt»ducin«?    disloca- 
tions of  hip,  528 
Ambulatory    pneumatic    splint, 
for  fracture  of  hip,  554 
for    fracture    of    lep,    655 
for   fracture  of   thigh,  585 
Anatomical    neck    of    humerus,    frac- 
ture   of,    83 
Angle's  bands,   in   treatment  of  frac- 
tures of  jaw,  371,  372 
Angle's    bands    and    bars,    in    treat 
ment  of  fractures  of  jaw, 
371,  372 
Ankle,  fracture-dislocations  of,  084 
after-care,   890 
diagnosis,   089 
prognosis,  091 
surgical   anatomy,   084 
symptoms,  087 
treatment,   (S89 

after-treatment,   090 
operative    treatment,    090 
Anomalies  of  carpus,  283 
Anomalous  ossification   of  upper   end 

of  tibia,   022 
Apoph*cMorm    attacks,   different' atod 
from     unconsciousness     in 
fracture   of    skull,   443 
Asche   nasal    splints,    329 
Apoplexy    differentiated    from    uncon 
sciousness    in    fracture    of 
skull,  440 
Astragalus,     fractures     and     disloca- 
tions  of,   092 
after-care,    098 
diagnosis.    (i95 
prognosis.  0!)S 
surgical  anatomy,  ()!)2 
svmptoniH,    094 
treatment,   t)95 

after-treatment,   095 
op<Tative  treatment,   097 
Atlas     isre     Fracture-dislocations    of 

wiiine.    405) 
Autlior's  method  of  r<»ducin«r  disloca- 
tions   of    liip,    520 
nasal   sniint,   l^M) 
s<T<'W -plat*',    550,    551 
Avulsion   of   upiuT  extn'mity,  (53 
Axillary    ])ad.    98 

Axis      Isrr     Fracture-dislocations     of 
spine,    4(55) 


Handagc,    foiirtailed,    for    fracture    of 
jaw,    358 


Bandage, — conVd. 

Mohr's   figure-of-eight,   25 
Stimson's,   for   dislocation   of  clav- 
icle, 35 
Velpeau's,  25 

in  fracture  of  clavicle,  9 
Barton's  fracture,  251 
Base-ball   finger,   309 
Base  of  skull   {see  Skull,  fracture  of, 

391) 
Battle's  sign,  420 
Bauer's   qualimeter,   746 
Bed-sores,  in   fractures  of  spine,  490 
Bennett's    fracture,    299 
Benoist,  radio-chronometCT",  746 
Bigelow's   method   of   reducing   dislo- 
cation  of   hip,   526 
Y-ligament  of,  516 
Blebs,  in  fracture  near  elbow,   129 

in  fracture  of  leg,  640 
Body  swathe,  in  fracture  of  humerus, 
101,   114 
in  fracture,  of  pelvis,  507 

of  ribs,  463 
used  with   T-splint,  544 
Bone   drill.    Lane's,   760 
Bone  forceps,  701 

Bone   grafting    {see    Bone   transplan- 
tation, 77  n 
Bone   plates,   Lane's,  766 

Sherman's    modification    of,    765 
Bone,    structure   of. 
in  clavicle,   12 
in   femur,  531,  575 
in  humerus,  83 
in   radius,  204 
in  tibia,  727 
in   ulna,  204 
l^ones  of  carpus,  iniuries  to,  277 

ancmialies  of,   282 
Bone  transplantation.   771 
ttH'hni(|Ue  of,  770 

All>ee's  method,  for  nonunion   in 
recent  fractures,  785 
medullarv  graft,  775,  777 
theories  of,  771 
Hrace.    Tavlor's.    for    fractured    clavi 

cle.  27 
Hrain.   anatimiv   of    («t   Skull,   frac- 
ture of,  392) 
abscess  of  brain,  symntoms  of.  443 

differential   diai'nosis   of,   450 
eo!n]>re8sion    of.    410 
concussion  of.  407 
contusi(m   of.   408 
injury  to,  411 
laceration   of.   409 
membranes  of.  395 
Bryant's    triangle,    534 
Buck's  extension,  542 
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Cabot's  wire  splint, 

as   double  inclined   plane,  580 
in   fracture  of  thigh,  580 

of  leg,  646 
in   Potts  fracture,  669 
Calcaneum,     fractures     and     disloca- 
tions of,  703 
after-care,   707 
diagnosis,   706 
prognosis,  708 
surgical  anatomy,  703 
symptoms,  705 
treatment,  706 

after-treatment,   707 
operative  treatment,  706 
Carcinoma,    cause    of    fracture,    728, 

729,  731 
Carpal  bones    {see  Carpus,  277) 
Carpo-metacarpal  dislocations,  294 
alter -care,   296 
diagnosis,   295 
prognosis,   296 
surgical  anatomy,  294 
svmptoms,  295 
treatment,  296 

after-treatment,  296 
operative  treatment,  296 
Carpus,  injuries  to,  277 
after-care,   292 
diagnosis,  290 
prognosis,  293 
surgical  anatomy,  277 
symptoms,  287 
treatment,  291 

after-treatment,  292 
operative  treatment,  292 
Carrying  angle,  loss  of,   128 
Cartilages,   semilunar,   fractures   and 

dislocations  of,   587 
Cast,  plaster,  for  fracture  of  hip,  546 
in  fracture  of  leg,  649 
in   fracture  of  pelvis,  509 
in  fracture  of  spine,  484 
with  arm  in   abduction,   103 
with  thigh  in  abduction,  548 
with  thigh   in  semiHexion,  548 
Cerebrospinal  fluid,  escape  of,  in  frac- 
ture of  skull,  417 
Chest,  injuries  to, 

{see  Fractures  of  ribs,  459) 
{see  Sternum,  453) 
Clamp,   four-post,   763 
Clavicle,  disloi'ation  of  inner  end,  5 
after-care,  10 
diagnosis,  7 
prognosis,    10 
surgical  anatomy,  5 
symptoms,  6 


Clavicle — conVd. 
treatment,  7 

after-treatment,   10 
operative  treatment,  9 
dislocation  of  outer  end,  30 
after-care,  36 
diagnosis,  33 
prognosis,  36 
surgical  anatomy,  30 
symptoms,  32 
treatment,  34 

after-treatment,   36 
operative  treatment,   36 
fracture  of,   11 
after-care,  28 
diagnosis,  22 
prognosis,  29 
surgical  anatomy,    11 
symptoms,   15 
treatment,  22 

after-treatment,  28 
operative  treatment,   26 
Coaptation   splints,  for   fracture, 
of  humerus,  115 
of  femoral  shaft,  567 
Cobb's  nasal  splint,  330 
Coccyx,   fracture-dislocations  of,   500 

treatment,  507 
Colles'  fracture   {see  Radius,  fracture 

of  lower   end,  242) 
Coma,  in  head  injuries,  420 
from   alcohol,   433 
from  asphyxia,  435 

belladonna  and  its  alkaloids,  436 
chloral,  435 

hyocyamus  and  its  alkaloids,  436 
lead    poisoning,   436 
morphine,  434 
opium,  434 
phenol,  434 
reflex  causes,  438 
in  abscess  of  brain,  443 
acute  exanthemata,  438 
apoplexy,   440 
cerebral   anemia,   432 
cerebral  congestion,  432 
cerebral   embolism,  440 
cerebral   hemorrhage,   441 
cerebral  meningitis,  443 
cerebral   syphilis,  442 
cerebral   thrombosis,   441 
diabetes,  437 
epilepsy,  439 
feigning,  438 
hysteria,  438 
pneumonia,   438 
ptomaine  poisoning,  435 
shock,  431 
syncope,    431 
tumor  of  brain,  443 
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Coma,  in — confd. 
typhoid,  438 
Complications   in   fracture   of   pelvis, 
509 
rupture,  of  bladder,  510,  511,  512 
of  urethra,  509,  510 
Compound  fractures  and  dislocations, 
7«9 
treatment  of,  789 
Compression    of   brain,    410 
Concussion  of  brain,  407 
Contracture    following,    Colles*    frac- 
ture, 275 
dislocation  of  shoulder,  76 
injury  to  brachial  plexus,  76 
injury    to   musculo-spiral,    140 
Volkmann*s   paralysis,   231 
Contusion   of  brain,   408 
Coracoid   process    {see  Scapula,   frac- 
ture of,  37 ) 
Coronoid  proct^ss    (see  I'lna,  fracture 
of  upper   end,    188) 
fracture    of,    complicating    disloca- 
tions of  elbow,  166,  167 
Coxa   vara,   556,   557 
Cradle,    646 

Cranial      nerves,      passage      through 
skull,  344 
symptoms  of  injury  to,  425 
Crepitus   {see  Symptoms  of  region  in 

question ) 
Crookes  tuU',  740 

Crushes  of  carpus   (see  Carpus,  inju- 
ries to,  287) 
of  tarsus,  710 
Cubitus,   valgus    {see   Humerus,   frac- 
tures of   lower  end,   142) 
varus    {see  Humerus,   fractures   of 
lower  end,    142) 
Cuboid,  fractures  and  dislocations  of, 

710 
Cuneiform    {see   Carpus,    injuries   to, 

281,  286,  289) 
Cuneiforms   of   tarsus,   fractures   and 
dislocations  of,  710 
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Davi8on*8  method   for  fracture  of  fe- 
mur in  children,  565 
Diagnosis   of, 

dislocations  of,  ankle,   689 
astragalus,  695 
calcaneum,   706 
carpo  metacarpal  joint,  295 
clavicle,  inner  end,  7 

outer  end,  33 
flbow,    U»3 
lingers,  315 
hip,  523 


Diagnosis  of,  dislocations — cont'd, 
OS  calcis,  706 
patella,  611 
pelvis,  505 

phalanges  of  hand,  315 
radius,  head  of,  180 
semilunar  cartilages,  590 
shoulder,  64 
spine,  483 

subastragalar  joint,  701 
subcoracoid,    of    shoulder,    64 
subglenoid,  of  shoulder,  64 
tarso-melatarsal  joint,  713 
ulna,   lower  end,  239 
wrist,  290 
fracture  of, 
astragalus,  695 
calcaneum,   706 
carpus,  290 
clavicle,   22 
coccyx,   506 
femur,  lower  end,  579 

shaft,  562 

upper  end,  539 
tibula,  lower  end,  666,  679,  689 

shaft,  642 

upper  end,  627 
fingers,  310 
hip,  539 
humerus,  lower  end,  1^36 

shaft,    HI 

upper  end,  95 
inferior  maxilla,  356 
jaw,  lower,  356 

upper,  345 
metacarpals,   300 
metatarsals,  718 
malar,    338 
maxilla,  inferior,  356 

superior,  345 
nasal  bones,  327 
ohHTanon,    190 
pat4'lla,  597 
pelvis,  505 

phalanges  of  hand,  310 
radial  and  ulnar  shafts,  219 
radius,  lower  end,  260 

shaft,  219 

upper  end,  200 
ribs,   462 
scapula,   41 

semi -lunar  cartilages,   590 
spine,   483 

superior  maxilla,  345 
tibia  and  fibula,  lower  ends,  666, 
679,  689 

shafts,    642 

upper   ends,   627 
ulna,  lower  end,  234 

shaft,  219 
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Fibula,  ulna — confd. 
upper  end,  190 
zygomatic  arch,  388 
in  Colles'  fracture,  260 
in  injuries  to  carpus,  290 
in  Pott's  fracture,  666 
Definitions  and  terms,  725 
Deformity      {see     Symptoms,     under 
fractures  and  dislocations 
of      various      bones      and 
joints) 
Deformity,  garden-spade,  244 
gunstock,  136,  138,  142,  158,  201 
in  Barton's  fracture,  257 
in  Bennett's  fracture,  229,  230 
in  Colles*  fracture,  252-262 
in  dislocation  of  wrist,  262,  287 
in  Pott's  fracture,  664,  665,  666, 

667 
in  Volkmann's  contracture,  230 
Madelung's,  239 
silver-fork,  247,  252-262 
Desault  splint,   645 
DeVilbiss  forceps,  448 
Dislocatio  erecta,  60 
Dislocation      of,      acromio-clavicular 
joint,   30 
ankle,  684    {see  Ankle) 
astragalus,  692   {see  Astragalus) 
calcaneum,    703    (see   Calcaneura) 
carpal  bones,  277    {see  Carpus) 
carpo-metacarpal   joint,   294 
cervical  vertebrae,  465    {see  Spine) 
clavicle    {see  Clavicle) 
inner  end,  5 
outer  end,  30 
coccyx,  500    {see  Pelvis) 
costal  cartilages,  460  {see  Ribs) 
cuboid,  710 
cuneiforms,  710 
elbow,  154    {see  Elbow) 
lingers,  314   {see  Fingers) 
head   of   humerus,   44    {see   Shoul- 
der) 
head  of  radius,  177    {see  Radius) 
hip,  515   {see  Hip) 
inferior  maxilla,  376    {see  Maxilla, 

inferior) 
jaw,  376   {see  Maxilla,  inferior) 
knee,  613   {see  Knee) 
medio-tarsal  joint,  709 
OS  calcis,  703    {see  Calcaneum) 
patella,  609  {see  Patella) 
pelvis,  492   {see  Pelvis) 
phalanges  of  foot,  720   {see  Toes) 
radius    {see  Radius) 

upper  €»nd,   177 
radius    and    ulna,    divergent,    154 

{see  Elbow) 
scaphoid,  710 


Dislocation  of — conVd. 

semilunar      cartilages,      587       {see 

Semilunar    cartilages) 
shoulder,  44    {see  Shoulder) 
spine,  465    {see  Spine) 
subastragalar   joint,   699 
sternal  end  of  clavicle,  5 
thumb,  314 
ulna,  lower  end,  237 

upper  end,  175 
wrist,  277    {see  Carpus) 
Drainage,    in   operative  treatment   of 
fractures,  758 
in  treatment  of  compound  fractures 
and  luxations,  790 
Dupuy's  splint  for  fracture  of  lower 

extremity,  581 
Dupuytren's   splint,   668 


Ecchymosis,    in    fracture   of    clavicle, 
21 
humerus,   89,   96 
leg,   640 
olecranon,    190 
skull,  418,  420 
Edmund's  forceps,  364 
Elbow,  dislocations  of,   154 
after-care,  171 
diagnosis,  163 
fracture  complicating,    156 
prognosis,   174 
surgical  anatomy,   154 
symptoms,  156 
treatment,  167 

after-treatment,   171 
operative  treatment,   170 
Embolism,  fat,  642 

Emergency  treatment,  of  fracture  of 
leg,   642 
of  thigh,  563 
Emphysema,    in    fracture    of,    malar 
and  superior  maxilla,  338, 
344 
nasal  lK>ne8,  326 
ribs,  462 
Epilepsy,  as  a  cause  of  unconscious- 
ness, 439 
following  fracture  of  skull,  451 
treatment  of,   451 
Epileptic     unconsciousness,     differen- 
tiated   from    coma    accom- 
panying     head      injuries, 
439* 
Epiphyseal      separations,     considered 
under  fracture  of  bone  in 
question     {see    Fracture) 
Epiphysis  of,  acromion,  37 
clavicle,   11 
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Epiphysis  of — cont'd. 
coracoid,  38 
femur,  lower  end,  576 

upper  end,  531 
humerus,   lower  end,   125 

upper  end,  88 
metacarpal   bones,  297 
metatarsal  bones,  714 
pelvis,   492 

phalanges  of  fingers,  307 
radius,  lower  end,  251 

upper  end,   198 
scapula,  37 
tibia  and  fibula,  lower  ends,  676 

upper  ends,  622 
ulna,  lower  end,  232 
upper  end,   186 
Erect  dislocation   of  shoulder,  60 
Etiolog\'  of, 

dislocation,  of  hip,  520 
inferior  maxilla,  377 
patella,    610 
fracture  of,  femoral  shaft,  500 
upper  end,  534 
humiTUH,   upper  end,   89 
inferior    maxilla,    350 
malar,   33(J 
nasal  bones,  325 
patella,  595 
pelvis,    496 

tibia  and  (ibula,  shafts,  637 
upper  ends,  624 
Everted    dorsal    dislocations    of    hip, 

519 
Examination    (see   Diagnosis) 
Face,   fracture  T  of  bones  of, 
malar,  334 
maxilla,  inferior,  348 

superior,  343 
nasal,  323 
Facial,   artery,   injury   to,   350 

nerve,   injury   to,   .350 
Fat  emimlism,  642 
Feeding    after     fracture    of    inferior 

maxilla,   375 
Femur, 

dislocation   of   lower  end,   613    {see 
Knee) 
UDuer  end,  515    {see  Hip) 
fracture  of,   lower   end,   574 
after-care,   584 
diagnosis,  579 
prognosis,   586 
surgical  anatomy,  574 
symptoms,   578 
treatment,   580 

aft^T-treatment,   584 
operative  treatment,  582 
shaft,   558 

after-care,   572 


Femur,  shaft — conVd. 
diagnosis,  562 
etiology,    560 
in  children,  568 
in  new-born,  568 
prognosis,   573 
surgical  anatomy,  558 
symptoms,  561 
treatment,  563 

after-treatment,   572 
operative  treatment,   569 
upper   end,    531 
after-care,  552 
diagnosis,  539 
in    children,    555 
prognosis,    555 
surgical  anatomy,  531 
symptoms,  537 
treatment,  542 

after-treatment,  552 
operative  treatment,  550 
Fingers,    base-ball,    309 
Fingers,  dislocation  of,  314 
after-care,   318 
diagnosis,  315 
prognosis,   319 
surgical   anatomy,  314 
symptoms,   317 
treatment,   317 

after-treatment,   318 
operative  treatment,  318 
fractures  of,  307 
after-care,   312    . 
diagnosis,  310 
prognosis,   313 
surgical  anatomy,  307 
symptoms,  308 
treatment,  310 

after-treatment,   312 
opt^rative  treatment,  311 
Fissure  of   Rolando,   401 
Flap,  osteoplastic  of,  skull,  447 

of  spine,  488 
Flat-foot,  traumatic,  673,  70  ^ 
Forceps,   DeVilbisa,   448 

Edmund's,  364 
Forearm,  fracture  of  shafts  of  bones 
of,    204    (see    Radial    and 
,  Ulnar  shafts) 
Four-post  clamp,  763 

Frwman's,   764 
Fourtailed  bandage,  .358 
Fracture  of, 

acetabulum,  499    {see  Pelvis) 

complicating  luxation  of  hip,  582 
acromion  process,  40  {see  Scapula) 
accompanying    upward    luxation 
of  shoulder,  51 
anatomical  neck  of  humerus,  90 
astragalus,   692 
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Fracture  of,  astragalus — cont'd. 
after-care,  698 
diagnosis,  695 
prognosis,   698 
surgical   anatomy,  692 
symptoms,  694 
treatment,  695 

aH^^r  tri'titTiit  lit,  698 
operative  treatment,  697 
Rarton's,  251 
Bennett's,   299 
calcaneum,  703 
after-care,   707 
diagnosis,   706 
prognosis,  708 
surgical  anatomy,  703 
symptoms,  705 
treatment,   706 

after-treatment,  707 
operativi'   treatment,   706 
carpal  bones,  277 
afUT-care,   292 
diagnosis,  290 
prognosis,  293 
surgical  anatomy,  277 
symptoms,  287 
treatment,  291 
ftft^^r^reatment,  292 
opiTwIive  treatment,  292 
clavicle,    11 
after-care,  28 
diagnosis,  22 
prognosis,  29 
surgical  anatomy,  11 
symptoms,  15 
treatment,    22 

after-treatment,  22 
operative   treatment,    26 
coccyx,  500    (see  Pelvis) 

treatment,  507 
coracoid  process,  38    {see  Scapula) 
cuboid,  710 
after-care,  712 
prognosis,  712 
i<^iiir^nval    ■ihatiimy,   710 
t r  I'll  tn  lent,  7  0 

afftT  tn'iitmcnt,   712 
operative  treatment,  712 
cuneiforms,   710 

treatment,   710 
femur,   lower  end,   574 
after-care,   584 
diagnosis,  579 
protrnosis,  586 
surgical   anatomy,   574 
symptoms,   578 
treatment,  580 

aftiT-treatment,  584 
operative   treatment,   582 
shaft,    558 


Fracture  of,  femur,  shaft — cont'd. 
after-care,  572 
diagnosis,  562 
ctiologj',  560 
in  children,  568 
in  the  new-born,  568 
prognosis,   573 
surgical  anatomy,  558 
symptoms,  561 
treatment,  563 

after-treatment,  572 
operative  treatment,   560 
upper  end,  531 
after-care,   652 
iliagtioitiii^   539 
4'ticjiogy,  534 
LiL    rhiUtren.   555 
prognosis,   555 
surgical  anatomy,  531 
symptoms,    537 
treatment,  542 

after- treatment,  5f*2 
operative   treatment,   550 
fibula    {ace  Tibiii   uud    Fjl(ula) 
lower  end,  675 
shaft,    634 
upper    end,   620 
fingers,   307 
after-care,  312 
diagnosis,  310 
prognosis,  313 
surgical   anatomy,  307 

BVlllpti*JTls7^30H 

treatTiKuit,  310 

jifter-tri^iitment*   312 
itfuTfttivi'  tri'iLtimiit.  311 
forearm,  bones  of,  184   {see  Radius 

and  Ulna) 
hip,  531    {see  Femur) 
liumerus,    anatomical   neck   of,   90 

after-care,  151 
diagnosis,  136 
prognosis,  152 
surgical  anatomy, 
symptoms,  128 
treatment,  143 

after-treatment, 

operative   treatment,    148 
shaft,    lOS 

after-care,  119 
diagnosis.  111 
prognosis,  1 19 
surgical  anatomy,  108 
symptoms,  110 
treatment,  113 

aftt»rtreatment,  119 

operative    treatment,    116 
upper   end,   82 
after-care,   106 
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Fracture    of,   humerus,    upper    end- 
confd. 
diagnosis,    95 
prognosis,  107 
surgical  anatomy,  82 
B^inptoms,   89 
treatment,    97 

after-treatment,  106 
operative   treatment,    104 
ischium,   500 
malar,    334 
after-care,   342 
diagnosis,  3.'i8 
etiology,  330 
prognosis,   342 
surgical  anatomy,  334 
symptoms,  336 
treatment,  339 

after-treatment,  342 
operative  treatment,  340 
maxilla,  inferior,  348 
after-care,  375 
diagnosis,  356 
etiolog\%    350 
prognosis,   375 
surgical  anatomy,  348 
symptoms,   351 
treatment,  357 

after-treatment,   375 
operative  treatment,  373 
superior,    343 
after-care,   346 
diagnosis,   345 
prognosis,  347 
surgical   anatomy,   343 
symptoms,  344 
treatment,  345 

after-treatment,   346 
operative  treatment,   346 
metacarpals,  297 
after-care,  306 
diagnosis,  300 
prognosis,  306 
surgical  anatomy,  397 
symptoms,  299 
treatment,   301 

after-treatment,  306 
operative  treatment,  305 
metatarsals,   714 
after-care,   718 
diagnosis,   718 
prognosis,   719 
surgical  anatomy,  714 
symptoms,  716 
treatment,  718 

after-treatment,  718 
operative   treatment,   718 
nasal  bones,  323 
after-care,   332 
diagnosis,   327 


Fracture  of,  nasal  bones — cont'd. 
etiology,  325 
prognosis,  333 
surgical  anatomy,  323 
symptoms,  325 
treatment,  329 

after-treatment,  332 
operative    treatment,    33 1 
navicular,  710 

treatment,  710 
nose,  323  {see  Nasal  bones) 
olecranon,   185 

OS  calcis,  703    {see  Calcaneum) 
patella,  594 
after-care,  605 
diagnosis,  597 
etiology',   595 
prognosis,  608 
surgical  anatomy,  594 
symptoms,  595 
treatment,  598 

after-treatment,  605 
operative  treatment,  600 
pelvis,  492 

complications,  509 

injury  to,  bladder,  510 
pelvic  viscera,  509 
urethra,  509 
vessels,  .509 
diagnosis,  505 
etiology,  496 
pathology,  496 
surgical  anatomy,  492 
symptoms,   497 
treatment,   507 

of  complications,  510,  511 
phalanges  of  foot,  720 
prognosis,  721 
surgical  anatomy,  720 
symptoms,  720 
treatment,  720 
]>halanges  of  hand,  307 
after-care,    312 
diagnosis,  310 
jirognosis,    313 
surgical  anatomy,  307 
symptoms,   308 
treatment,   310 

after-treatment,   312 
operative  treatment,  311 
radius,  lower  end,  242 
aftiT-care,  271 
CoHes'    fracture,   242 
diagnosis,  260 
prognosis,   273 
surgical   anatomy,  242 
symptoms,  252 
treatment,  264 

after-treatment,  271 
operative  treatment,  269 
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Fracture  of — confd. 
shaft,  204 

after-care,  228 
diagnosis,  210 
prognosis,  220 
surgical  anatomy,  204 
symptoms,  206 
treatment,  220 

after-treatment,  228 

operative  treatment,  225 
upper   end,    107 
after-care,  202 
diagnosis,  200 
prognosis,  203 
surgical  anatomy,  107 
symptoms,   190 
treatment,  200 

after-treatment,  202 

operative  treatment,  202 
ribs,    459 

after-care,  463 
diagnosis,  462 
emphysema  in,  462 
])rognosis,  464 
surgical  anatomy,  459 
symptoms,  461 
treatment,    462 

tiftrT-trratment,  463 
scaphoid,   710 
scapula,   37 

acromion  process,  40 
after-care,  43 
coracoid   process,  40 
diagnosis,  41 
prognosis,  43 
surgical  anatomy,  37 
symptoms,  40 
treatment,  42 

after-treatment,   43 
semilunar    {see  Carpus) 
semilunar  cartilages,  587 
after-care,   592 
diagnosis,  590 
prognosis,    593 
surgical  anatomy,  587 
symptoms,  588 
treatment,   591 

after-tri^atment*  5!>2 

i»p*-rntiv*'    h'-nlmpnt,    591 
skull,  391    {see  Skull,  fractures  of) 
diagnosis,  427 

differential.   429 
prognosis,    449 
surgical    anatomy.    392 
symptoms,   4 1 1 
treatment,   444 

oporativi*  treatment,  447 
spine,  465 

after-care,  490 


Fracture  of,  spine — conVd. 

diagnosis,  483 

prognosis,  491 

surgical  anatomy,  465 

symptoms,   473 

cervical  region,  481 
lumbar  region,  482 
thoracic  region,  482 

treatment,   484 

after-treatment,   490 
operative  treatment,  486 
sternum,  453 

after-care,  458 

tiurjxicjil  anatomy,  453 
trtaUnent,  456 

after- treatment,  458 

operative  treatment,  457 
tibia  and  fibuU,  lower  ends,  675 

after-care,    683 

diagnosis,  679 

prognosis,  683 

surgical  anatomy,  675 

symptoms,  675 

treatment,  681 

after-treatment,   683 
operative  treatment,  682 
shafts,  634 

after-care,    654 

diagnosis,  642 

etiology,  637 

prognosis,   657 

surgical  anatomy,  634 

symptoms,    638 

treatment,  642 

liltir  hiniliiieiit.  654 
opcrativu  tr(Aiitm4«nt,  650 
upper  ends,  620 

after-care,   631 

diagnosis,  627 

<'tiology,  624 

prognosis,   633 

surgical   anatomy,  620 

symptoms,  625 

treatment,  627 

after-treatment,  631 
operative  treatment,  629 
ulna,  lower  end,  232 

after-care,  235 

diagnosis,  234 

prognosis,    236 

surgical  anatomy,  232 

symptoms,   234 

treutmeiit,   235 

after-treatment,    235 
o])erative  treatment,   235 
Hliuft,  204 

after-care,   22S 

diagnosis,  219 
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Frairtiire  of,  ulna,  fthaft — c*jHt'd. 

ftir^rii-al  anatomv.  2U4 

i»>Di(>tf>in!k.  'Itni 

triratment.  iin 

aftt^r-tri^tmcnt.  ±2A 
opvrrativi;   trt^tmt^t.  'I'ir> 
u|i|»»rr  fn<i   loWramKi  >.   !*♦'> 

aft»'r-«.-ar»',   l!»5 

dia^«R«'t^,    I'.Ni 

!fiir;jri<'al  anattimy.   l.s.'> 
»\mptonw.   Is** 
tr«nitmfnt.    I!mi 

aftrr  tr*>atmfiit.   10.1 
o{N'rativ«>  trfatnifnt.   1^1 
zy^iniatii*  arrh.  :\:\A    ijt»>    Malar) 
Fracturi-Uix.  ii4:J 
a»  doubl*:  iiiclinttl   plan*'.  r>S2 
unr.  uf.  r;44 
Fracturf^,    rtini[i«>uii4l.    tn-atnw^nt    **i. 
7v.» 
o|wn  trt^tnit'iit  of.  7*V4 

a)w4>r)ialil«*   s^utun*    niat*Tial.    7^*^ 
a««*piiis   in.   7. It} 

cautions   in   cliMin;;  wound.   7.)H 
drainage.   7*>ri 
the  f<iur|HiHt  rlamp.  763 
the  I^ni.'  |*lat«*.  7lMJ 
use  of  jkTfWs*,  nail!«.  t»to..  7'»0 
Frtft*man'A  rlanip.  7»>4 


(••rnian  \»iH4'  lini*.  4t.Ni 

<  it-r-tttT*!*    turn    lillrklr.    7«»2 

<tl\i't»:.uria     fiillouin^    ln-aii     injiirif-H. 
AIM 

tHiIdthuaitv's  splint.  .'Ml 

tJraftinu'  «»f  lH»nr.  771 

<Jun  *t4Nk  »ltfi»rniit\. 

in  ili>li«atit»n  ..f  «-1Imi>v.   l.Vs 
in    Irai'turt-   l^low    cIImiw.   2nl 
in  fra«tur»'  >»f  }iiimfTU<*.   12n 

H 
lIunininnd'H  \%ir«*  splint.  :\''2 
lltail   injurits.   ;*•»!     ix«f    '^knll.   frac- 
ture of) 
rt»nipri-s<«iiin.   4 Id 
<'i»n>*Uf»i<in.  407 
«'i>ntu«ion.  40S 
la4'frati«»n.  4o;» 
Ht-ath    >plint,    fi»r    traiturt*    of    nian- 

diMf,  .Vi.t 
ll«-»l.     fraitun*    «if.    'm     i  j*,,     c'aloa- 

n«>uni . 
H«-niat«*nia  of  s«alp.  3s2 
lliinatoiii\..lia.    in    Ira«tur«»   of    sipine. 
47!» 


Il**inat«irrhatht*f.  in  fra«'ture  of  spine, 

47t> 
Hematuria,  in  fracturt?  of  ptrlvia,  54)9, 

oil 
Hemorrhajre,    Inrnt-ath    ^kin     i  tee    Ec- 
ch\  mtMiii  I 
into  :»pinal  t*«trd.  47*.^ 
intracranial.  :{t*7 
Dit*nin;2t^l.  of  t-urd,  57*.* 
sulHlural.    3!I7 
flip,  didloi'atiitn  ni.  .ll.'i 
aft»?r-oare,   MU) 
dia;!ni.»!*is.  .'>23 
vtiolojTA.  .'>*i«» 
pnj;*niir*i:»,    5:JM 
!»ur>!ii-al   anatom\.   .)!.'> 
»>mptonis.  .)2M 
trfatnit>nt.  5*i4 

aftrr-trt^tnifut.   3:!0 
op4-rati%»f   trt'atnifnt,   .V2«» 
tyit-s.  .■>!!» 
fracture   of.   5;n     ( gr,    Ntvk    of    fe- 
mur) 
aftvr-cart*.   5.>2 
dia;:nt>!»ii».   5.'U* 
♦'tiol«>;»\,  5.*U 

injurits  t»i  femoral  nwk   in  chil- 
dren, .3.V> 
pri>;nioMi:«.  555 
Hurjfical  anatomy.  5:M 
Hympti»ni4.  537 
treatment,  542 

aftvr-trt'atnifnt.  .'».'>2 
o|Hrativc  tnmtnient.  .'>.">o 
II«Ml^i*n'.«  splint.  5s2 
n«Mik.  M<'Uurni'y'ii,  72 
Hunirru:*.     disltM'ation     f>f.     44      *  sre 
ShouldiT.    disI«H-ation    \t{) 
fra.turt-  «)f.  lower  end.   120 
alt«r  can*.   151 

cn-Si-i-ntio   fracture.    121,    123 
dia^iosis,    13f> 
♦'xtcrnal  ct»nd\l*'.  1.30 
••xtcrnal    opicimdyle.    121> 
internal  cond\le.   131 
internal  epicondyle,    1.31 
pri»;;nosi<t,    1.12 
Hur^rical  anattmiy.   120 
symptoms,    12S 
T- fracture,   134 
transverse  fracture,    1.31 
tr»-atment,  143 

after-treatment.   151 
t»|H'rative  tn^tnient.   148 
shaft.    ](t^ 

after-care.  110 
dia;:n«»sis.  Ill 
niusculti  s(»iral    nerve    in.     10?^ 

117.  110 
prognosis.   119 
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Humerus,  fracture  of  shaft — cont'd. 

surgical  anatomy,  108 

symptoms,  110 

treatment,  113 

after-treatment,  119 
operative   treatment,    116 
upper  end,  82 

after-care,  106 

anatomical  neck,  83 

diagnosis,    05 

dislocation    of    humeral    head 
complicating,  72-76 

etiologj',  89 

fracture  of  tuberosities,  85 

prognosis,    107 

separation  of  epiphysis,  88 

surgical   anatomy,  82 

surgical   neck,  87 

symptoms,   89 

treatment,   97 

after- treatment,  106 
operative   treatment,    104 
Hysterical   unconsciousness,   438 


Iliac  dislocation  of  hip,  517 

everted,   519 
Iliopectineal  dislocation  of  hip,  518 
Ilium,  fracture  of,  498   («ce  Pelvis) 
Inclined  plane,  double,  580,  581,  582 

in   fracture  of  thigh,  564 
Internal  right-angle  splint,  146 

with   traction,   146 
Intracranial  sinuses,  399 
Ischium,  fracture  of,  500   {see  Pelvis) 


Jaw,  lower    {see  Maxilla,  inferior) 
dislocation  of,  376 
fracture  of,  348 
upper,  fracture  of,  343 

K 

Kingsley's  splint,  361 
Kocher's  method  of  reducing  disloca- 
tions of  shoulder,  66,  67 
Knee,   dislocation   of,   613 
prognosis,   619 
surgical  anatomy,  613 
symptoms,   616 
treatment,  617 

after-treatment,    619 
operative   treatment,   618 

L 
Laceration  of  brain,  409 


Laminectomy,  487 
Lane's  bone  drill,  760 
bone  plates,   766 

Sherman's  modification  of,  765 
Leg,    fractures    of    bones    of,    lower 
ends,  675    {see  also  Pott's 
fracture  and   ankle) 
after-care,    683 
diagnosis,   679 
prognosis,  683 
surgical  anatomy,  675 
symptoms,   675 
treatment,   681 

after-treatment,  683 
operative  treatment,   682 
shafts  of,   634 
after-care,    654 
etiologj',   637 
diagnosis,   642 
prognosis,   657 
surgical  anatomy,  634 
symptoms,    638  * 
treatment,  642 

after-treatment,  654 
operative  treatment,   650 
upper  ends  of,   620 
after-care,   631 
diagnosis,  627 
etiology,    624 
prognosis,  633 
surgical  anatomy,  620 
symptoms,   625 
treatment,  627 

after-treatment,   631 
operative  treatment,  629 
Ligaments,   acromioclavicular,   30 
ra])sular,   of   hip,   ^15 

of  shoulder,  44 
of  ankle,  685 
of  clavicle,  inner  end,  5 

outer  end,  30 
of  elbow,   154 
of  hip,  515 
of  knee,  613,  614 
of  shoulder,  44 
radioulnar,   lower,   237 

upper,  177 
Y-ligament  of  Bigelow,  516 
l-.othrop*8    operation    in    fractures    of 

malar,  340 
Lumbar     puncture     in     fracture     of 

skull,  449 
Lung,    puncture    of,    in    fracture    of 

ribs,  462 
Luxatio  erecta,  61 
Luxations    {sec    Dislocations) 

M 
Madelung's  deformity,  239 
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Malar   bone,    fracture  of,   334 
after-care,  342 
diagnosis,  338 
etiology,  330 
prognosis,  342 
surgical  anatomy,  334 
symptoms,  336 
treatment,  33rt 

after-treatment,  342 
operative  treatment,  340 
Mandible    {sv*^   Maxilla,   inferior) 
Massage    {sec  After-treatment) 
Matas   splint,    302 
Maxilla,  inferior, 

dislocation  of.  376 
etiology,    377 
prognosis,    378 
surgical  anatomy,  376 
symptoms,   377 
treatment,  377 

after-treatment,  378 
fracture  of,  348 
after-care,  375 
diagnosis,  356 
prognosis,  375 
surgical  anatomy,  34*^ 
symptoms,  351 
treatment,  357 

after-treatment.  375 
operative   treatment,   373 
superior,   fracture  of,   343 
after-care,  346 
diagnosis,  345 
prognosis,  347 
surgical  anatomy,  343 
symptoms.   344 
treatment,    345 

after-treatment,    340 
operative    treatment.   346 
McBurncy's  hook,  72 
Measurements  in    {srr  Diagnosis) 
fracture  of  femur.  539 
of  humerus,  90 
Medio-tarsal     joint,     disloi'ations    of, 
709 
surgical  anatomy,  7U0 
treatment.  709 
Meninges,  of  brain,  395 

vessels  of.   390 
Meningitis,    differentiated    from   frac- 
ture  of   skull.   443 
Metacarpal     bones,     dislocations     of, 
294      (scr     Carpo-metacar- 
pal   luxations) 
fractures    of,   297 
after  care,    300 
diagnosis.   300 
prognosis.    306 
surgical   anatomy,   297 
symptoms,  299 


Metacarpal     bones,     fractures     of — 
confd. 
treatment,  301 

after-treatment,  306 
operative  treatment,  305 
Metal    numbers    for    marking    X-ray 

plates,   704 
Metatarsal     bones,     dislocations     of, 
713    {see  Tarso-metatarsal 
luxations ) 
fractures  of,  714 
after-care,    718 
diagnosis,  718 
prognosis,  719 
surgical  anatomy,  714 
symptoms,  716 
treatment,  718 

after-treatment,  718 
operative  treatment,  718 
Middledorf  triangle,   102 
Mohr's  figure-of-eight  bandage,  25 
^lusculo-spiral  nerve  in  fractures  of 
humerus,   108,   117,   119 
N 
Nasal  bones,  fractures  of,  323 
after-care,  332 
diagnosis,   327 
etiology,  325 
prognosis,  333 
surgical  anatomy,  323 
symptoms,  325 
treatment,  329 

after-treatment,  332 
operative  treatment,  331 
Navicular  of  tarsus,  710 
prognosis,  712 
surgical  anatomy,  710 
treatment,  710 

after-treatment,   712 
operative  treatment,   712 
Neck,    anatomical,    of    humerus,    83 
{sec  Humerus) 
of  femur,  532,  537    {see  Femur) 
of  scapula,  40    {see  Scapula) 
surgical,   of  humerus,   87,   92    {see 
Humerus) 
Neck,   fractures   of,   465    {see   Spine, 

fracture-dislocations  of) 
N<ilaton's  line,  5.33,  534,  539 
Nerves,  cranial,  in  fracture  of  skull, 
394 
exists  through  base,  394 
symptoms  of  injury  to,  425 
Nichols  traction  apparatus,  569 
Nose,    fracture    of,    323     {see    Nasal 
bones) 

O 
Olecranon,     fracture     of,     185      {see 
Ulna) 
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Olecranon,  fracture  of — cont'd, 
after-care,  195 
complicating    luxations    of    elbow, 

166 
diagnosis,   190 
prognosis,  196 
surgical  anatomy,    185 
symptoms,  188 
treatment,  190 

after-treatment,    195 
operative  treatment,  191 
Oliver's   method   of    wiring   jaws    to- 
gether, 360 
Operative     treatment     of     compound 
fractures       and       d.sioca- 
tions,  7^9 
Operative  treatment, 

of  dislocations  of  ankle,  690 
astragalus,  697 
calcaneuni,   706 
carpal  hones,  292 
carp<»-nietacarpal    joint,    296 
clavicle,  inner  end,  9 

outer  end,  36 
elbow,  170 
lingers,  318 
hip,   529 
OS  calf  is,  706 
patella,  611 

phalanges  of  hand,  318 
radius,  head  of,  181 
semilunar  cartilages,  591 
shoulder,  71 
spine,  486    {see  Spine) 
subastragalar  joint,  701 
ulna,  lower  end,  240 

up])or    end,    176 
wrist,  202 
in   fractun»  of,  astragalus,  697 
calcaneum,  706 
carpus,  292 
clavicle,  26 
coccyx,  508 
cuboid,    712 
cuneiforms,  712 
femur,  lower  end,  682 
shaft,  569 
upper    end,    550 
tibula,  lower  end,  651,  682,  690 
shaft,   650 
upper   end,   629 
fingers,  311 
hip,  550 

humerus,  lower  end,   148 
shaft,    116 
upper  end,    104 
jaw,  lower,  373 

upper,  .346 
malar,  340 
maxilln,  inferior,  373 


Operative  treatment,  in  fracture  of — 
cont'd. 
superior,  346 
metacarpals,  305 
metatarsals,   718 
nasal  bones,  331 
olecranon,   191 
OS  calcis,  706 
patella,  600 

phalanges  of  hand,  310 
radial  and  ulnar  shafts,  225 
radius,   lower  end,  269 
shaft,   225 
upper  end,  202 
scaphoid,   712 
semilunar  cartilages,  591 
skull,  447 
spine,  486 
sternum,  457 

tibia  and  fibula,  lower  ends,  682 
shafts,  650 
upper  ends,  629 
ulna,  lower  end,  235 
shaft,  225 
upp€»r  end,  191 
zygomatic  arch,   340 
in  Colles'  fracture,  269 
in   Pott's  fracture,  671 
Os  calcis,   fractures   and  dislocations 
of,  703 
after-care,  707 
diagnosis,  706 
prognosis,  70S 
surgical  anatomy,  703 
symptoms,  705 
treatment,  706 

afUT-treatmcnt,  707 
o]>erative    treatment,    706 
Osgood- Pen  hallow  splint,  102 
Os    magnum,    fractures    and    disloca- 
tions of,  277  {8ce  Carpus) 
Osteitis    of    carpus    following    Colics* 

fracture,   274 
Osteogenesis  imperfwta,  732,  733 


Packing  of  nasal  cavities  in  fracture 

of  nose,  329 
Pad,  axillary  in  fracture  of  humerus, 

98,  99,   101,   114 
Passive     motion     after      {see     After- 
treatment  ) 
Colles'  fracture,  272 
dislocation  of,  elbow,   172 
fingers,   381 
shoulder,  79 
thumb,   ,381 
fracture  of,  clavicle,  29 
olecranon,  195 
patella,  606 
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Passive  motion  after — cont'd. 
injuries  to  carpus,  292 
Pott's  fracture,  673 
Patella,  dislocation  of,  609 
after-care,  612 
dia^mosis,  611 
etiology,  610 
prognosis,  612 
surgical  anatomy,  609 
symptoms,  610 
treatment,  611 

after-treatment,  612 
operative  treatment,  611 
fracture  of,  594 
after-care,  605 
diagnosis,  597 
etiology,  595 
prognosis,  608 
surgical  anatomy,  594 
symptoms,  595 
treatment,  598 

after-treatment,  605 
operative  treatment,  600 
Patholo«?ic   fractures,   728-7.33 
Pelvis,   fracture-dislocations   of,   492 
diagnosis,   505 
etiology,  496 
patholotfy,  496 
surgical  anatomy,  492 
symptoms,    497 
treatment,    507 

of  complications,   510,   611 
of  rupture  of  bladder,  511 
of  rupture  of  urethra,  510 
Penh  allow,    Osgood -Penh  allow    splint, 

102 
Perineal  dislocation  of  hip,  518 
Phalanges,  of  foot,  720  (see  Toes) 
of  hand   (see  Fingers) 
dislocations  of,  314 
fracture  of,  307 
Plate,  Lane's,  766 

Plaster  of  Paris,  use  of  in  fractures 
of   femur,   546,   568 
of  hip,  546 

of  humerus,  100,  103,  147 
of  leg,   648 
of  metacarpals,  305 
of  metatarsals,   718 
of  pelvis,  508 
of  spine,  484 
Pneumonia     following     fractures     of 
hip,   542 
of  ribs,   464 
Pott"s  fracture.  659 
after-care,  673 
diagnosis.  666 
propnosis,  673 
surgical  anatomy,  650 
symptoms,  664 


Pott's  fracture — confd. 
treatment,  668 

after-treatment,  673 
operative  treatment,  671 
Prognosis,   in   dislocations   of, 
ankle,  691 
astragalus,  698 
calcaneum,  708 
carpal  bones,  293 
carpo-metacarpal  joint,  296 
clavicle,  inner  end,   10 

outer  end,  36 
cuboid,  712 
elbow,  174 
fingers,  319 
hip,  530 
jaw,  378 
knee,  619 
mandible,    378 
maxilla.  378 
OS  calcis,  708 
patella,  612 
phalanges  of  ft>ot,  721 

of   band.    319 
radius,  head  of,   183 
semilunar  cartilages,  593 
shoulder,   80 
spine,    491 

subastragalar    joint,   702 
ulna,  lower  end,  241 

upper  end,  176 
fracture  of, 
astragalus,  698 
calcaneum.  708 
carpus,    293 
clavicle,   29 
cuboid.  712 
cuneiforms.  712 
femur,  lower  end,  586 

shaft,  573 

upper    end,    555 
fibula,  lower  end,  673,  (583,  691 

shaft,   657 

upper   end,   633 
finsrcrs.    313 
hip,    555 
humerus,  lower   end,    152 

shaft,   119 

upper   end.   107 
inferior  maxilla.  375 
jaw,  lower.  375 

upper.   347 
malar.  .342 
maxilla,   inferior.  375 

superior.  347 
metacarpals,  306 
metatarsals,  719 
nasal   bones.   333 
olecranon,    196 
OS  calcis.  708 
patella,  608 
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Prognosis,  fracture  of — confd. 
phalanges  of  foot,  721 

of  hand;  312 
radial  and  ulnar  shafts,  229 
radius,  lower  end,  236 
shaft,   229 
upper  end,  203 
ribs,   464 
scaphoid,  712 
scapula,  43 

semilunar  cartilages;  593 
spine,  491 
sternum,  458 
superior  maxilla,  347 
tibia  and  fibula,  lower  ends,  6S3 
shafts,  657 
upper  ends,  633 
ulna,  lower  end,  236 
shaft,  229 
upper  end,  196 
zygomatic  arch,  342 
of   Colles'  fracture,   236 
of  Pott's  fracture,  673 
Pubic  dislocation  of  hip,  573 
Pulse,  in  fracture  of  skull,  422 
Puncture,     lumbar,     in     fracture     of 

skull,  449 
Puncture  of  lung  in  fracture  of  ribs, 

462 
Pupils,    reaction    of,    in    fracture    of 
skull,   423 
in  various  types  of  coma   (see  Dif- 
ferential diaoTiosis  in  frac- 
ture of  skull,  429) 


Qualimcter.  Bauer's,  746 

R 

Kacbitis    as    cause    of    frarture,    732, 

733 
Padio-chronometer,  746 
Radio-ulnnr   ligaments,   lower,   237 

upper,  177 
PadiuH.  dislocation  of  upper  end,  177 
after-care.   182 
dia<;nosis,  180 
prognosis,    183 
surgical   anatomy,    177 
symptoms,  178 
treatment,  180 

after-treatment,  182 
operative   treatment,    181 
fracture  of,   lower   end,   242 
after-care,   271 
diagnosis,  260 
prognosis,   273 
surgical   anatomy,  242 
symptoms,  252 


Radius,  fracture  of — cont'd, 
treatment,  264 

after-treatment,  271 
operative  treatment,  269 
of  shaft,  204 
after-care,  228 
diagnosis,  219 
prognosis,  229 
surgical   anatomy,   204 
symptoms,  206 
treatment,  220 

after-treatment,   228 
operative  treatment,  225 
of  upper  end,   197 
after-care,  202 
diagnosis,  200 
prognosis,  203 
surgical  anatomy,  197 
sNTnptoms,   199 
treatment,  200 

after-treatment,  202 
operative  treatment,  202 
Reduction  of    {see  Treatment) 
Reflexes  in    [see  Symptoms) 
coma  from  various  causes,  429   {see 
Differential     dia^'nosis     of 
fracture  of  skull) 
fracture  of  skull,  423 
of   spine,   480 
Respiration    in    coma,    from    vari'^us 
causes,  429 
in  fracture  of  ribs,  461 
of  skull,  422 
of  sternum,  426 
Reversed  Coolies'   fracture,  244 
Reversed  Pott's  fracture,  664 
Rilis,  fractures  of,  459 
after-care,  463 
diagnosis,  462 
prognosis,  464 
surgical  anatomy,  459 
Hvniptoms,  461 
treatment,  462 

after-treatment,  463 
Rolando,  fissure  of,  401 
R(>ntgen  ray  in  diagnosis  and  treat- 
ment    of     fractures     and 
luxations,  735 
Rose  portable  coil,  738.  730 
Ruth-Maxwell  method  in   fracture  of 
hip,  545 


S 


Sacro-iliac  synchondrosis,  504 
Sarcoma  as  cause  of  fracture,  730 
Sayre's  dressing    (modified)    in  dislo- 
cations of  clavicle,  9 

in  fracture  of  clavicle,  24 

in  fracture  of  scapula,  42 
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Scalp  wounds.  379 
after-care,  390 
complications.  384 
pathologj-,  382 

recognition  of  complications,  389 
sequelse.  384 
surgical  anatomy,  379 
s^'mptoms,  382 
treatment,  385 

closure  of  wound,  389 
control  of  hemorrhage,  385 
prevention  of  infection,  388 
varieties,  383,  384 
Scaphoid   of   carpus,    dislocations   of, 
286 
"divided,"  283 
fracture  of,  286 
Scapula,  fracture  of,  37 
after-care,  43 
diagnosis,  41 
prognosis,  43 
surgical  anatomy,  37 
symptoms,  40 
treatment,  42 

after-treatment,  43 
Sciatic  dislocation  of  hip,  517 
Screw-plate,  Author's,  550,  551 
Semilunar,  fracture  of    {see  Carpus) 
Semilunar    cartilages,    fractures    and 
dislocations  of,  587 
after-care,  592 
diagnosis,  500 
prognosis,  593 
surgical  anatomy,  597 
symptoms,  568 
treatment,  591 

after-treatment,  592 
operative  treatment.   591 
Separations,     epiphyseal,     conHideretl 
under  fractun*  of  bone  in 
question    (srr  Fracture) 
Sherman's     modification      of      I^ine's 
plate.  7fM,  76rt 
tap-screw,  766 
Shoulder,  dislocation  of,  44 
after-care,   79 
diagnosis,  64 
etiology',  51 

fracture  complicating,  72 
old  dislocations,  77 
prognosis.  80 
recurrent  dislocations,  77 
surgical  anatomy.  44 
symptoms.  52 
treatment.  66 

after-treatment,   79 
horizontal  traction  in,  69 
Kocher's  method  in.  66.  67 
operative  treatment,  71 
Stimson's  method  in,  69 


Shoulder,  dislocation  of — cont'd. 

types,  49 
Silver  fork  deformity,  252-259 
Skull,  fractures  of,  391 
diagnosis,  427 
differential  from, 
abscess  of  brain,  443 
alcoholic  coma,  433 
apoplectiform  and  epileptiform 

convulsions,  443 
apoplexy,  440 
asphyxia  from  gas,  435 
cerebral  anemia,  432 
cerebral  congestion,  432 
cerebral  embolism,  440 
cerebral  hemorrhage,  441 
cerebral  syphilis,  442 
cerebral   thrombosis,  441 
coma  of   acute   infections,   438 
diabetic  coma,  437 
epilepsy,  439 
epileptiform  attacks,  443 
feigning,  438 
hysteria,  438 

pi^isoning   by,   belladonna,    43G 
alcohol.  433 
chloral,  435 
hvocvamus,  436 
lead,"  436 
opium,  434 
plienol,  434 
ptomaines,  435 
shock,  431 
syncope,  431 
tumor  of  brain.  443 
uremic  coma,  436 
<»tiolog}',  404 

mechanism  and  pathology,  405 
fracture  by,  bending,  405 
bursting,  405 
con t re  coup,  406 
gunshot  fractures,  407 
prognosis,  449 
surgical  anatomv,  392 
bones  of  skull,  392 
cortical  centers,  399 
formation  of,  base,  393 

vault,  392 
membranes  of  brain,  395 

vessels  of,  396 
meningeal  vessels.  396 
sinuses,  intracranial,  399 
symptoms,  411 
aphasias.  424 
classification  of,  412 
compression.  410 
concussion,  407 
contusion.  408 

cranial  nerve  symptoms,  425 
depressions  in  bone,  413 
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Skull,      fractures      of,      gymptoms — 
conVd. 
deviations  in  eyes,  422 
disturbed  psychic  function,  424 
ecchymosis,  418 
emphysema,  420 
escape  of  blood  and  brain,  417 
general  ilaccidity,  421 
headache,  421 
laceration,  409 

late  symptoms  and  sequela*,  450 
chronic  headache,  451 
disturbances  in  hearing,  451 
epilepsy,  451 
psychic  changes,  452 
vertigo,  451 
vomiting,  451 
weakness  of  intellect,  452 
localizing,  423 
mobility  and  crepitus,  413 
pain  in  region  of  fracture,  413 
pulse  in,  422 
pupillary  reactions,  423 
reHexes,   deep,   of   two   sides,   423 
respiration,  422 
temperature,  422 

of  two  sides,  424 
unconsciousness,  420 
vomiting,  420 
vertigo,  421 
treatment,  444 

catheterization,  445 
electric  heat  blanket,  444 
hot  water  bottles,  444 

dangers  of,  444 
nasal  and  oral  cavities,  440 
oporativo  treatment,  447 
elevation  of  fragments,  447 
osteoplastic  flap,  448 
Bedativos,  445 
stimulation,  445 
the  ear,  446 
Smith,  R.  E.,  splint,  646 
Spine,  fracture-dislocations  of,  465 
after-care,  490 
diagnosis,  483 
prognosis,  491 
surgical  anatomy,  465 
symptoms,  473 
treatment,  484 

after-treatment,  490 
operative  treatment,  486 
Splints, 

ambulatory    pneumatic,    554,    585, 

655 
Cabot  wire  splint,  580,  646 
Cobb's  nasal,  330 
Dosault,  645 
Dupuv's,  581 

for   Colles'   fracture,  223,  265,  266, 
267 


Splints — cont'd. 

for   fractures  of  fingers,   309,   310, 

311 
for  fractures  of  forearm,  223 
for  fracture  of  metacarpals,  304 
for  fracture  of  patella,  598,  599 
for   Pott's  fracture,  668,  669 
Dupuytren's,  668 
Stimson's,  669 
Goldthwaite's,  311 
Ham,  599 

Hammond's  wire,  372 
Heath's,  363 
llogden's,  582 
Kingsley's,  361 
Matas',  362 

Osgood-Penhallow's,   102 
plaster,   for   fractures  of   humerus, 
147 
for  fracture  of  leg,  648 
right-angle,    146 
Smith's,  646 
straight,   in   fracture  of  olecranon, 

191 
T-splint,  544 
Thomas'  hip,  549 
Walker's,  266 
Stereoscopic  X-ray  plates,  74,  751 
Sternum,  fracture  of,  453 
after-care,  458 
prognosis,  458 
surgical  anatomy,  453 
treatment,  456 

after-treatment,  458 
(»perative  treatment,  457 
Stimson's    dressing    for    dislocations 
of    outer    end    of    clavicle, 
35 
method  of  reducing  disloi'ations  of 

hip,  526 
method  of  reducing  dislocations  of 

shoulder,  69 
splints,  669 
Strapping,   of  chest,   for   fracture   of 
ribs,  463 
of  scapula,  402 
Stromeyer  cushion,  114 
Structure  of,  clavicle,  12 
femur,  lower  end,  575 
shaft,  575 
upper  end,  531 
humerus,  upper  end,  83 
patella,  600 
Styloid  of  ulna,  fracture  of,  232 
Subastragalar    joint,    dislocation    of, 
690 
after-care,  702 
diagnosis,  701 
prognosis,  702 
surgical  anatomy,  699 
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Subastragalar  joint,  dislocation  of — 
conVd. 
symptoms,  700 
treatment,  701 

after-treatment,   702 
operative  treatment.  701 
Subcoracoid    dislocation    of    clavicle, 
33 
of  shoulder,  50,  5*2 
Subglenoid    dislocation    of    shoulder, 

51,  58 
Su|»erior  maxilla,  fracture  of,  343 
Surgical   anatomy   of,   dislcK*ation    of. 
ankle,  684 
astragalus,  (>92 
i*aU*aneum,  70.'t 
carpo-metacarpal  joint.  2J»4 
clavicle,  inner  end,  5 

outer  end.  30 
culntid,   710 
elbow,    1 54 
tingi^rs,  314 
hip,  51.^ 
jaw,  376 
knee,  613 
mandible,   376 
maxilla,  376 
mediotarsal  joint,   700 
otj  calcis,  703 
patella,  60!» 
IH-lvis.  4!i2 
phalanurs  of  foot,  720 

of  hand.  314 
radius,  head  of,   177 
scapula.  37 

seniihumr  cartilages,   587 
shoulder.   44 
spint*.  465 

sulmstragalar  joint,  600 
tarso  inctatUrsal    joMit,   713 
nhia.   lower  end.  237 

np|»cr  end.   175 
Nvriht,  277 
fracture  of,  astra^rahis,  002 
raleancuni,  703 
carpus,  277 
rlavide,    1 1 
euhoid,  710 
cuneiforms.  710 
femur,   lower  end.  574 

shaft.   558 

upi)er   end.   531 
llliula.  lower  end,  675 

shaft.  634 

upper  end.  620 
fingers.  307 
hip,  531 
humerus,  lower  end,  120 

shaft.    lOS 

upper  end,  82 


Surgical   anatomy   of,    fracture   of — 
cont'd. 
inferior  maxilla,  348 
jaw,  lower,  348 

upper,  343 
malar,  334 
maxilla,  inferior,  348 

superior,  343 
metacarpals,  207 
metatarsals,  714 
nasal  bones,  323 
olecranon,   185 
OS  calcis,  703 
patella,  504 
pelvis,  492 
plialanges  of   foot,  720 

of  hand,  307 
radial  and  ulnar  shafts,  204 
radius,  lower  end,  242 
shaft,  204 
upper  end,  197 
ribs,  459 
scaphoid,  710 
scapula,  37 

semilunar  cartilages,  1587 
skull,  392 
spine,  465 
sternum,  453 
superior  maxilla,  343 
tibia  and  fibula,  lower  ends,  675 
shafts,  634 
upper  ends,  620 
ulna,  lower  end,  232 
shaft,  204 
upper  l^nd,  185 
zygomatic  arch,  334 
of  Colics'  fracture,  242 
of  Pott's  fracture,  659 
of  scalp  wounds,  379 
Surgical    neck,    of    humerus,    fracture 
of,  87 
complicatinsr       dislocations        of 

shoulder,  72 
relations  of,  to  circumflex  nerve, 
105 
of  scapula,  fracture  of,  40 
Suture  of  fragments   (see  Open  treat- 
ment of  fractures) 
Suture     materials     in    treatment     of 

fractures,   768 
Suturing  of  fascia  in  fracture  of  pa- 
tella, 602 
Swathe,  in  fracture  of,  humerus,  101. 
104 
pelvis,  507 
ribs.  464 
with   long  side  splint,  644 
Symptoms,  of  dislocations  of, 
ankle,  687 
astragalus,  694 
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Symptoms,  of  dislocations  of — confd, 
ealcaneum,  705 
carpo-metacarpal  joint,  295 
clavicle,  inner  end,  6 

outer  end,  32 
elbow,  156 
fingers,  317 
liip,  520 
jaw,  377 
knee,  GIG 
mandible,  377 
maxilla,  377 
OS  caleis,  7Ch) 
patella,  GIO 
pelvis,  497 
phalanges  of  foot,  720 

of  hand,  317 
radius,  head  of,   178 
semilunar  cartilages,  588 
shoulder,  52 
spine,  473 

subantragalar  joint,  700 
tarso-metatarsal  joint,  713 
ulna,  Iqj^'er  end,  238 

upper  end,  175 
fractures  of,  astragalus,  G94 
calcaneuin,  705 
carpus,  287 
clavicle,  15 
coccyx,  500 
femur,  lower  end,  578 

shaft,  561 

upper  end,  537 
fibula,  lower  end,  67^ 

shaft,  638 

upper  end,  625 
fingers,  308 
hip,  537 
humerus,  h)wer  end,   128 

fthaft,  110 

upper  end,  8J) 
inferior  maxilla,  351 
jaw,  lower,  351 

upper,  344 
malar,  366 
maxilla,  inferior,  351 

superior.  344 
metacarpals,  299 
metatarsals,  716 
nanal  bones,  325 
olecranon,  188 
OS  caleis,  705 
patella,  595 
pelvis.   497 
])halanges   of   foot,   720 

of  liand,  308 
radial  and  ulnar  shafts,  206 
radius,  lower  end,  252 

shaft,  206 

upper  end,   199 


Symptoms,  fractures  of — confd. 
ribs,  461 
scapula,  40 

semilunar  cartilages,  588 
skull,  411 
spine,  473 

superior  maxilla,  344 
tibia  and  fibula,  lower  ends,  675 
shafts,  638 
uppi^r  ends,  625 
ulna,  lower  end,  234 
shaft,  206 
upper  end,  188 
zygomatic  arch,  366 
of  Colles'  fracture,  252 
of  Pottos  fracture,  664 
of  scalp  wounds,  382 
Symphysis   pubis,   separation   of,   502 
Syphilis  as  a  cause  of  fracture,  730 
Svphilitic   deformity    of   nasal   bones, 
327,  328' 


T-splint,  544 

Tarsometatarsal     joint,     dislocation 
of,  713 
diagnosis,  713 
surgical  anatomy,  713 
symptoms,  713 
treatment,  713 
Taylor  brace  for  fracture  of  clavicle, 

27 
Teeth,  loss  of  alignment  in, 

fracture   of   inferior   maxilla,   351- 

356 
fracture  of  superior  maxilla,  345 
Temi)erature.    in    fracture    of    skull, 
422 
in    various    forms    of    unconscious- 
ness, 429 
Terms,  725 

Thomas  hip  splint,  549 
Tibia  and  fibula,  fracture  of. 
lower  ends,  675 
after-care,  683 
diagnosis,  679 
prognosis,  683 
surgical  anatomy,  675 
symptoms,  675 
treatment,  681 

after- treatment,  683 
operative  treatment.  682 
shafts,  634 
after-care,  654 
diagnosis,  642 
eti<»log\',  637 
prognosis,  657 
surgical  anatomy,  634 
symptoms,  638 
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Tibia  and  fibula,  shafts — conVd. 
treatment,  042 

after-treatment,  654 
operative  treatment,  650 
upper  ends,  620 
after-care,  631 
diagnosis,  627 
etiologj',  624 
prognosis,  633 
surgical  anatomy,  620 
symptoms,  625 
treatment,  627 

after-treatment,  631 
operative  treatment,  629 
Tibial    tubercle,    anomalous    ossifica- 
tion of,  622 
injury  to,  622 
"lipping"  of,  621 
Toes,  fracture-dislocations  of,  720 
prognosis,  721 
surgical  anatomy,  720 
symptoms,  720 
treatment,  720 
Transplantation  of  bone,  771 
Traumatic  tlatfoot,  673,  708 
Treatment     of     compound     fractures 

and  luxations,  789 
Treatment  of.  disKn^ation  of. 
ankle,  6S9 
astragalus.  695 
iiilcancum.  7lH» 
car  (ml  U»nt^.  291 
cariH^mctacarjval  joint.  296 
cU\icK\  inner  end,  7 

outer  end.  :U 
cUmw.   167 
iin|i\*r?i.  317 
hi^^  5-M 

interior  maviUa.  377 
kmv.  617 

mtivtUti.  inlVrior.  377 
uuMi\»trtVs»Hl  joint.  709 
»»«*  ot^U'iT*.  7lHi 
(Mihllu.  611 
ivhis*.  507 
phuUn>;eA  of  fiH»t,  720 

oi   hand,  317 
H^nuhinrtr  oartilages.  591 
nlumldcr,  kM\  * 

-»ul>u«»ti«>irtlrtr  joint.  701 
ItUHo  luotHtarsuI  joint,  713 
t)(Uiul>,  317 
uhiu,  lower  end.  239 

\H»per  end.    176 
NMInt.    ..'91 
Uu\lun'  ol".  aoetnbuluni,  507.  530 
(ivMituitiMi,  42 

Un|lUK<^l^^'*>    *»95 

Imuc"  oi  lorcurm.  shafts,  220 


Treatment  of,  fracture  of — conVd. 
calcaneum,  706 
carpal  bones,  291 
clavicle,  22 
cuboid,  710 
cuneiforms,  710 
femur,  lower  end,  580 

shaft,  563 

upper  end,  542 
fibula,   lower  end,   658,  681,   689 

shaft,  642 

upper  end,  627 
fingers,  310 
humerus,  lower  end,  143 

shaft,  113 

upper  end,  97 
malar,  339 
maxilla,  inferior,  357 

superior,  345 
metacarpal  bones,  301 
metatarsal  bones,  718 
nasal  bones,  329 
olecranon,  190 
OS  calcis,  706 
patella,  598 
pelvis,  507 
phalanges  of  foot,  720 

of  hand,  310 
radial  and  ulnar  shafts,  220 
radius,  lower  end,  264 

shaft,  220 

upper  end,  220 
ribs,  462 
scaphoid,  710 
scapula,  42 

semilunar  cartilages,  591 
skull,  444 
spine,  484 
sternum,  456 
tibia  and  fibula,  lower  ends,  681 

shafts,  642 

upper  ends,  627 
ulna,  lower  end,  235 

shaft,  220 

upper  end,  190 
zygomatic  arch,  339 
of  Barton's  fracture,  269 
of  Bennett's  fracture,  305 
of  Colles*  fracture,  264 
of  Tott's  fracture,  068 
of  scalp  wounds,  385 
recumbent,  of  fractured  clavicle,  25 
Triangulare,  279 
Trigonum,  703 

TulH^rosities  of  humerus,  fracture  of,  85 
Turn-buckles,  Gerster's,  762 

U 

I'lna,  dislocations  of  lower  end,  237 
after-care,  240 
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Ulna,    dislocations    of    lower    end — 
confd. 
diagnosis,  239 
prognosis,  241 
surgical  anatomy,  237 
symptoms,  238 
treatment,  239 

after-treatment,  240 
operative  treatment,  240 
upper  end,  175 
after-care,  176 
prognosis,  176 
surgical  anatomy,  175 
symptoms,  175 
treatment,  176 
after-treatment,  176 
operative  treatment,  176 
fracture  of  lower  end,  232 
after-care,  235 
diagnosis,  234 
prognosis,  236 
surgical  anatomy,  232 
symptoms,  234 
treatment,  235 

after-treatment,  235 
operative  treatment,  235 
of  shaft,  204 
after-care,  228 
diagnosis,  219 
prognosis,  229 
surgical  anatomy,  204 
symptoms,  206 
treatment,  220 

after-treatment,  228 
operative  treatment,  225 
upper  end   (olecranon),   185 
after-care,   195 
diagnoHiH,  190 
prognosis,    196 
surjrioal  anatomy,    1S5 
syinptonis,   1S8 
treatment,   190 

after-treatment,   195 
operative  treatment,  191 
Unciform   {see  Carpus) 
'  nconsciousness     from     fracture     of 
skull,    differential   diagno- 
sis of,  429 
rnii>n      ^    fragments,   time   necessary 
<nft'  Prognosis  of  various 
ajjters) 


Uremic  coma,  436 

Urethra,   injury  to,  and  rupture  of, 
in   fracture  of  pelvis,  509 
Use  of,  four-post  clamp,  763 

Lane  plate,  766 

nails,  screws  and  peg,  759 

wire,  758 

X-ray,  735 


Velpeau*s  bandage,  25 

in  dislocation  of  clavicle,  9 
Vertebrae,  fracture  of  {see  Spine) 
Vertical    suspension    in    fracture    of 

femur  in  children,  565 
Vertigo  in  fracture  of  skull,  421 
Vessels,  meningeal,  396 
Visceral  lesions  in  fracture  of  pelvis, 

509 
Volkmann's  contracture,  231 
Vomiting  in  head  injuries,  420 


W 

Walker's  splint  for  Colics',  226 
Whitman,    treatment    of   iracture    of 

femoral    neck    in   children, 

557 
Wire  nails,  754 
Wire,  use  of,  in  fractures,  758 
Wounds  of  compound  fractures,  789 
Wounds  of  scalp,  379 
Wrist   (see  Carpus) 


X 

X-ray,  use  of,  735 


Y-ligament  of  Bigelow,  516 


Zygomatic     arch,     fracture    of,     334 
(see  Malar) 
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